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However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
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significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 — — — 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
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*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 
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Antiweed  Bacteria  May  Replace  Some  Herbicides 


Root-dwelling  bacteria  that  attack  weed  seedlings  could  replace  some 
chemical  weed  killers,  says  a  scientist  with  the  Agricultural  Research 
Service. 

These  rhizobacteria  multiply  in  microscopic  crevices  between  the  weed's 
root  cells,  says  Robert  J.  Kremer,  an  ARS  microbiologist  based  in 
Columbia,  Missouri. 

Kremer  has  identified  several  strains  of  rhizobacteria  that  attack 
velvetleaf,  cocklebur,  jimsonweed,  pigweed,  and  morningglory.     They 
break  down  root-cell  walls  or  deliver  toxins  to  leaves,  cutting  pro- 
duction of  the  chlorophyll  a  weed  needs  to  convert  sunlight  into  food 
energy. 

"They  may  also  interfere  with  a  weed's  hormones  or  make  it  more 
susceptible  to  stresses  such  as  drought  and  disease,"  says  Kremer. 

"We  don't  know  yet  exactly  how  these  rhizobacteria  work,"  he  added, 
"but  eventually  they  could  be  a  commercially  feasible  means  of  weed 
control  that  will  allow  less  use  of  chemicalherbicides." 

Microcrevices  between  a  weed's  root  cells  can  house  250  million  weed- 
fighting  microbes  per  inch  of  root,  according  to  Kremer's  electron 
microphotographs  of  2-week-old  seedlings. 

In  greenhouse  tests  with  velvetleaf,  a  widespread  pest  of  row  crops 
such  as  cotton,  corn,  and  soybeans,  one  rhizobacterium  reduced  top 
growth  of   14-day-old  seedlings  by  88  percent,  compared  to  uninfected 
plants. 

In  the  tests,  velvetleaf  seedlings  were  dipped  in  a  liquid  suspension 
containing  the  rhizobacteria.     Taproots  of  the  infected  seedlings 
averaged  1.7  inches  long,  compared  with  3.9  inches  for  the  controls. 
Lateral  roots  were  shorter,  too. 

"To  the  weed,  shorter  roots  mean  less  nutrients  and  water  and  greater 
susceptibility  to  stresses  such  as  drought,"  says  Kremer. 

Although  rainstorms  washed  out  his  1987  field  tests,  Kremer  expects 
to  repeat  them  this  year,  to  make  sure  that  rhizobacteria  won't  hurt 
crops.  He  also  hopes  to  find  out  how  many  weed  species  each  rhizo- 
bacterium is  effective  against  and  what  toxins  it  uses  to  attach  weed 
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Kremer  has  also  discovered  that  some  strains  of  rhizobacteria  cause 

weed  seeds  to  rot.    They  are  able  to  overcome  the  seeds'  natural 

defenses—tough  outer  coats  plus  toxic  chemicals  that  can  ward  off 

enemy  microbes.  ^ 

New  tests  show  that  rhizobacteria  could  get  a  boost  from  some 
commercially  available  pesticides,  including  the  herbicide  butylate  and 
the  insecticide  carbofuran.    Applied  at  very  low  rates,  these  compounds 
stimulate  weed  seeds  to  germinate.     "As  a  seed  prepares  to  do  this," 
he  says,  "it  releases  nutrients  that  attract  and  nourish  rhizobacteria— 
and  some  fungi—that  attack  the  seed.    Also,  the  sooner  it  germinates, 

the  sooner  roots  develop  and  rhizobacteria  can  multiply  in  the 
microcrevices." 

FOR  ADDITIONAL  INFORMATION:  Robert  J.  Kremer  is  in  USDA- 
ARS  Crop  Production  Research,  Room  216,  Waters  Hall,  University 
of  Missouri,  Columbia,  MO  46211;  (314)  875-5357. 
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U,S,  Army  Fact  Sheet 


Computerized  Apple  Records  Damaging   Bumps 


A  computerized  "apple"  can  detect  possible  bruises  to  apples  headed 
for  the  supermarket. 

Just  3-1/2-inches  in  diameter,   the  battery-powered  apple  is  an  assembly 
of  electronic  parts  cast  in  a  sphere  of  beeswax,  and  is  small  enough  to 
be  packed  in  containers  with  real  apples. 

The  artificial  apple  automatically  records  the  bumps  that  real  apples 
receive  as  they're  moved  from  orchards  to  retail  stores. 

Apple  losses  after  harvest— caused  by  damage  from  handling,  shipping 
and  storing — total  millions  of  dollars  annually.     Because  fresh  apples 
command  higher  prices  than  processed  apples,  growers  prefer  to 
minimize  damage  rather  than  have  the  fruit  turned  into  applesauce. 
It  is  envisioned  that  the  sphere  be  adapted  to  study  damage  to  citrus, 
melons,  peaches,   tomatoes,  potatoes  and  cucumbers. 

Inside  the  "apple"  is  an  accelerometer  to  measure  the  force  and 
duration  of  bumps.     Also,  a  clock  provides  the  precise  time  when  each 
bump  occurs.     The  computer  is  set  to  record  only  those  bumps  that 
are  forceful  enough  to  cause  damage. 

These  data  are  memorized  and  later  fed  into  a  personal  computer. 
Researchers  then  compare  the  printout  data  with  actual  damage  to 
applies  handled  with  the  computer. 

The  computerized  apple  is  the  product  of  cooperative  research  between 
a  team  of  agency  and  Michigan  State  University  engineers.     Since 
last  fall,  the  apple  has  been  tested  in  several  packing  lines.     It  con- 
sistently helped  researchers  pinpoint  locations  in  the  handling  system 
where  damage  occurs,  and  recommend  improvements  in  equipment 
and  handling  procedures  to  reduce  apple  damage. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact  Dr.  Galen  K.  Brown,  engineer,  Fruit  and  Vegetable  Harvesting 
Research,  Agricultural   Research  Service,  USDA,  East  Lansing,   MI 
48824;  (517)  353-5185. 
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848  New  Telephone  Service  to  Set  Clocks  in  Computers 

849  Network  Queueing  System  —  This  program  directs  trattic  in  a  UNIX-based 
network.  (Licensing  Opportunity) 

850  Recursive  Algorithm  for  Linear  Regression  —  The  order  of  a  model  is 
determined  more  easily. 

851  Algorithm  to  Design  Finite-Field  Normal-Basis  Multipliers  —  A  way  is 
found  to  exploit  the  Massey-Omura  multiplication  algorithm. 

852  Algorithm  for  the  Discrete-Optimal-Output-Feedback  Problem  —  The 
change  in  cost  function  due  to  a  change  in  feedback  gain  is  calculated. 

Software 

853  Calculating  Numbers  to  Arbitrarily  High  Precision  —  The  PITEST  program 
is  a  package  of  fast  routines  for  performing  multiprecision  arithmetic. 
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NBS   technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MP  20899 

New  Telephone  Service  to  Set  Clocks  in  Computers 


NBS  is  initiating  an  Automated  Computer  Time  Service  (ACTS)  to 
allow  automated  checking  or  setting  of  clocks  through  commercial 
telephone  lines.      Computers,  whether  personal  microcomputers  or 
huge  mainframes,  often  need  to  have  their  internal  clocks  accurately 
set  to  the  time  of  day.     For  example,  seismological  and  astronomical 
data  need  to  be  accurately  tagged  with  time  and  date.     The  new 
service  will  provide  accuracy  levels  between  1/10  and  1/1000  second 
(depending  on  mode).     The  service  will  be  in  a  test  phase  for  the 
first  six  months,  with  NBS  soliciting  comments  on  format  and 
operation.     The  telephone  number  for  modem  dialup  initially  is 
303/494-4774. 

FOR  ADDITIONAL  INFORMATION:    Documentation  of  the  service, 
instructions  on  how  to  use  it,  and  example  programs  to  set  personal 
computer  clocks  (on  a  5  1/4-inch,  360-kilobyte  DOS  diskette)  are 
available  for  $35  prepaid  from  the  NBS  Office  of  Standard  Reference 
Materials,  B311   Chemistry  Bldg.,  National  Bureau  of  Standards, 
Gaithersburg,  MD  20899;  (301)  975-6776.    Specify  "Automated 
Computer  Time  Service  (ACTS),  RM  8101." 


848 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Licensing 
Opportunity 


♦ 


Network  Queueing  System 

This  program  directs  traffic  in 
a  UNIX-based  network. 

The  Network  Queueing  System  (NQS) 
computer  software  provides  batch  and 
device  queueing  facilities  for  various  com- 
puters comprising  a  networked  UNIX  envi- 
ronment. Running  as  a  collection  of  user- 
space  programs,  NQS  provides  facilities 
for  remote  queueing,  request  routing,  re- 
mote status,  queue-access  controls, 
batch-request  resourcequota  limits,  and 
remote  output  return.  NQS  was  developed 
as  part  of  an  effort  aimed  at  tying  together 
diverse  UNIX-based  machines  into 
NASA's  Numerical  Aerodynamic  Simula- 
tor Processing  System  Network. 

The  NQS  architecture  was  designed 
with  the  following  10  goals: 

1 .  Provide  full  support  for  both  batch  and 
device  requests; 

2.  Support  all  of  the  resource  quotas  en- 
forceable by  the  underlying  UNIX  kernel 
implementation  that  are  relevant  to  any 
particular  batch  request  and  its  corre- 
sponding batch  queue; 

3.  Support  remote  queueing  and  routing  of 
batch  and  device  requests  throughout 
the  NQS  network; 

4.  Modularize  request-scheduling  algo- 
rithms so  that  schedulers  can  be  easily 
modified  at  individual  installations; 

5.  Support  restrictions  on  access  to  the 
queue  through  user-  and  group-access 
lists  for  all  queues; 

6.  Enable  networked  output  return  of  both 
output  and  error  files  to  possibly  remote 
machines; 


7.  Allow  mapping  of  accounts  across  ma- 
chine boundaries; 

8.  Provide  friendly  configuration-modifica- 
tion mechanisms  for  each  installation; 

9.  Support  status  operations  across  the 
network,  without  requiring  a  user  to  log  in 
on  remote  target  machines;  and 

10.  Provide  "hooks"  for  the  possible  future 
implementation  of  file  staging  (i.e.,  copy- 
ing specific  files  to  the  execution  ma- 
chine). 

Three  types  of  queues  (batch,  device, 
and  pipe)  are  supported  by  NQS.  Batch 
queues  do  not  require  a  specific  device 
other  than  the  CPU  resource  of  the  ma- 
chines; that  is,  they  consist  merely  of  shell 
scripts  executed  without  any  associated 
terminal.  A  device  queue  is  for  requests 
that  requi  re  the  di  rect  services  of  a  specific 
device,  such  as  a  line  printer.  A  pipe  queue 
exists  to  transport  requests  to  other  batch, 
device,  or  pipe  queues  at  possibly  remote 
machine  destinations.  The  pipe-queue 
mechanism  is  responsible  for  routing  and 
delivering  requests  to  other  queues  in  spite 
of  machine  failures,  lack  of  owner  authori- 
zation at  some  destinations,  insufficient 
space,  disabled  queues,  and  other  rejec- 
tions. All  NQS  network  conversations  are 
performed  by  use  of  the  Berkeley  socket 
mechanism  as  ported  into  the  respective 
vendor  kernels. 

NQS  is  written  in  the  C  language  and 
runs  under  both  System  V  and  Berkeley 
UNIX,  and  has  been  ported  to  various 


hardware  environments,  including  DEC 
VAX,  Silicon  Graphics  IRIS,  Amdahl  5840 
mainframes,  and  the  CRAY-2  and  CRAY- 
XMP  machines.  NQS  has  a  central-memo- 
ry requirement  of  approximately  160K  of 
8-bit  bytes  on  a  DEC  VAX  computer.  The 
NQS  daemon  must  reside  on  every  com- 
puter in  the  network.  NQS  requires  the 
nmap  utility,  which  is  supplied  as  part  of  the 
NQS  package.  The  program  was  devel- 
oped in  1986. 

This  program  was  written  by  Brent 
Kingsbury  of  Sterling  Software,  Inc.,  for 
Ames  Research  Center 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11750  /TN 

Ames    Research    Ctr. 

Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


♦ 
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Recursive  Algorithm  for  Linear  Regression 

The  order  of  a  model  is  determined  more  easily. 


A  linear-regression  algorithm  includes 
recursive  equations  for  the  coefficients  of 
a  model  of  increased  order.  Older  algo- 
rithms were  not  recursive:  when  one  in- 
creased the  order  of  a  linear-regression 
model,  it  was  necessary  not  only  to  com- 
pute the  linear-regression  coefficient  for 
the  new  variable  but  also  to  compute  anew 
the  coefficients  of  all  the  previous  varia- 
bles. By  enabling  the  updating  of  existing 
coefficients,  the  new  algorithm  eliminates 
some  duplicative  calculations  and  thereby 
facilitates  the  search  for  the  minimum 
order  of  the  linear-regression  model  that 
fits  a  set  of  data  satisfactorily. 

The  new  algorithm  is  intended  for  use 
with  a  time  sequence  of  samples  of  the 
quantity  X,  which  varies  randomly  with 
time.  In  a  linear-regression  model  of  order 
m,  the  value  Y  of  the  m  + 1  st  sample  of  X  is 
predicted  from  the  preceding  m  samples 
by  m 

where  A^'is  the  mth-order  regression 
coefficient  for  the  frth  sample,  X^  is  the  k\h 


sample  of  X,  and  zm  is  a  residual  term. 
There  are  several  techniques  for  finding 
the  regression  coefficients  that  lead  to 
"best"  estimates  of  /according  to  various 
criteria.  The  most  common  criterion  and 
the  one  used  here  is  that  of  the  minimum 
mean  squared  error;  that  is,  the  regression 
coefficients  are  chosen  to  minimize  the 
mean-square  error  between  the  predicted 
values  V  and  the  measured  values  Xm  +  V 
An  auxiliary  mth-order  model  is  intro- 
duced for  the  m  +  1st  sample: 


k  Ak 


where  the  B%  are  also  chosen  for  a  least- 
square  fit.  The  auxiliary  model  is  multiplied 
by  an  arbitrary  fraction  Km  and  subtracted 
from  the  mth-order  regression  model.  The 
value  of  V  is  also  formally  expressed  by  the 
m  +  Ist-order  model  equation 
m+1 

^  =  €m  + 1   +  ^.  \        *k 

k=-\ 

The  value  of  Km  is  then  chosen  so  that  the 
averages,  over  all  I,  of  em  +  1Xi  and  of 


(im  -  Kmvm)Xt  are  both  zero. 

Then  a  direct  term-by-term  comparison 
of  the  m  +  1st-order  model  with  the  m\h 
model  modified  by  the  auxiliary  model 
leads  directly  to  the  recursion  formulas 

*r 1  =  W  -  W 
for  the  first  m  coefficients  and 

Am+:  -  «- 
Am+-\  -  *m 

for  the  m  +  1st  coefficients. 

The  linear-regression  concepts  and  the 
recursion  formulas  are  applicable  to  sta- 
tionary stochastic  processes.  The  random 
time  series  that  can  be  characterized  by 
such  techniques  arise  in  the  processing  of 
speech  and  images  and  in  the  analysis  of 
vibrations  and  spectra. 

This  work  was  done  by  S.  V.  Varanasi  of 
Lockheed-EMSCO  for  Johnson  Space 
Center.  MSC-21068/TN 
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Algorithm  To  Design  Finite-Field  Normal-Basis  Multipliers 

Away  is  found  to  exploit  the  Massey-Omura  multiplication  algorithm. 


A  generalized  algorithm  locates  a  nor- 
mal basis  in  a  Galois  field  GF(2m)  and  ena- 
bles the  development  of  another  algorithm 
to  construct  a  product  function.  Once  the 
product  function  is  defined,  the  design  of  a 
Massey-Omura  multiplier  is  straightfor- 
ward. 

Finite-field  arithmetic  logic  is  essential 
for  some  error-correcting  coders  and 
some  cryptographic  devices.  There  is  a 
need  for  good  multiplication  algorithms 
that  can  be  realized  easily.  The  Massey- 
Omura  multiplication  algorithm  for  finite 
fields  is  based  on  a  normal-basis  repre- 
sentation. The  fundamental  design  of  a 
Massey-Omura  multiplier  is  based  on  a 
product  function.  Using  the  normal-basis 
representation,  the  design  of  a  finite-field 
multiplier  is  simple  and  regular. 

The  Massey-Omura  multiplier  obtains 
the  product  of  two  elements  in  the  finite 
field  GF(2m).  In  the  normal-basis  represen- 
tation an  element  in  GF(2m)  is  squared  by 
a  simple  cyclic  shift  of  its  binary  digits.  In 
normal-basis  representations,  multiplica- 
tion requires  the  same  logic  function  for 
any  one  bit  of  the  product  as  it  does  for  any 
other.  The  generation  of  adjacent  product 
digits  differs  only  in  the  inputs  to  the  prod- 
uct function,  which  are  cyclically  shifted 
versions  of  one  another.  Hence,  designing 
a  Massey-Omura  multiplier  is  exactly  the 
same  as  designing  a  product  function.  A 
pipeline  architecture  suitable  for  very- 
large-scale  integration  has  been  devel- 
oped for  a  Massey-Omura  multiplier  of 
GF(2m). 


Start  With  Any 
Element  a  In  GF(2m) 


Set  Up  Matrix 


Use  Another 
Element  a 
In  GF(2m) 


Check  Whether 
F-1  Exists 


No 


Yes 


Find  Dual -Basis 
toofM 


Compute  Tr(a2'  _  „%  _p2m  " 1) 


Set  Up 
Boolean  Matrix 


The  Boolean  Matrix,  which  defines  the  pro- 
duct function,  is  generated  by  an  algorithm 
that  starts  with  any  element  in  the  basis  {a}. 

The  design  of  a  Massey-Omura  multipli- 
er is  based  on  a  normal  basis 

{a}  =  {a,a2,a22 a2m~'}, 

which  is  the  set  of  roots  of  an  irreducible 
polynomial 


P(x)  =  xr< 


,m-1 


+ 


+  C, 


In  general ,  it  is  difficult  to  verify  the  linear  in- 
dependence of  the  roots.  A  straightforward 
way  to  do  this  is  to  represent  a2',  i  =  0,1, 


.. . ,  m  —  1,  by  m-dimensional  vectors  in  the 
canonical  basis  {a}  and  then  to  check 
whether  the  mxm  matrix  formed  from 
these  vectors  is  nonsingular.  For  large  m, 
this  method  ordinarily  requires  a  great 
number  of  computations. 

The  new  algorithm  makes  it  possible  to 
locate  a  normal  basis  in  any  field  GF(2m).  A 
special  mxm  matrix  F (a)  must  be  set  up, 
and  its  nonsingularity  must  be  verified. 
However,  the  number  of  required  compu- 
tations is  reduced  below  what  was  previ- 
ously thought  necessary:  Due  to  some 
special  properties  of  this  matrix,  the  setup 
procedure  requires  only  m,  rather  than  the 
usual  m2  entry  computations;  and  the 
verification  of  the  nonsingularity  can  be 
based  on  some  quick-check  rules. 

The  new  method  (see  figure)  for  defining 
the  product  function  of  the  Massey-Omura 
multiplier  uses  the  concept  of  the  basis  {/?} 
that  is  dual  to  the  basis  {a}.  The  coefficients 
of  the  product  function  are  the  trace  values 
of  some  particular  elements  in  GF(2m)that 
can  be  computed  by  the  chosen  normal 
basis  and  its  dual  basis.  The  algorithm 
leads  to  a  new  matrix  called  the  "Boolean" 
matrix,  which  defines  the  product  function. 
Hence,  the  design  of  a  Massey-Omura 
multiplier  can  be  based  on  any  arbitrary 
normal  basis  in  GF(2m),  which  need  not  be 
the  roots  of  the  generator  polynomial. 

This  work  was  done  by  Charles  C.  Wang 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17109/TN 
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Algorithm  for  the  Discrete-Optimal-Output-Feedback  Problem 

The  change  in  cost  function  due  to  a  change  in  feedback  gain  is  calculated. 


An  algorithm  for  feedback  control  sys- 
tems considers  the  stochastic,  infinite- 
time,  discrete-output-feedback  problem  for 
time-invariant  linear  systems.  The  optimal- 
output-feedback  problem  formulates  a 
modern  control-law-design  problem  in 
which  only  a  selected  number  of  plant- 
state  variables  are  used,  whereas  prior 
methodology  required  that  all  plant-state 
variables  be  used  in  the  feedback  control 

law.  This  formulation  enables  the  control 
designer  to  solve  more-realistic  control 
problems  using  little  trial  and  error.  The  ap- 
plication of  the  algorithm  to  this  approach 
indicates  a  fast  rate  of  convergence  and 
considerable  numerical  reliability. 

Under  loose  constraints,  the  algorithm 
is  theoretically  guaranteed  to  produce  a 
sequence  of  control  gains  with  monotoni- 
cally  decreasing  costs  and  with  cost  gra- 


dients that  converge  to  zero.  Thus,  the  al- 
gorithm is  theoretically  guaranteed  to 
obtain  a  critical  point  of  the  cost  function 
corresponding  to  a  stable  gain.  The  critical 
point  obtained  need  not  be  the  global  mini- 
mum of  the  cost  function. 

The  algorithm  is  currently  being  applied 
to  design  an  outer-loop  control  system  for  a 
typical  small  transport  jet  aircraft.  The  pur- 
pose of  the  outer-loop  system  is  to  feed 
guidance  errors  back  to  the  inner-loop  con- 
trol system  so  that  the  aircraft  tracks  a 
three-dimensional  flightpath.  The  numeri- 
cal results  for  this  13th-order  problem 
show  a  rate  of  convergence  considerably 
faster  than  that  of  two  other  algorithms  that 
were  used  for  comparison. 

This  algorithm  should  be  of  considera- 
ble value  in  work  relating  to  automatic  con- 
trol systems  and  for  systems  that  are  de- 


signed with  digital  techniques.  It  should 
have  widespread  application  in  terrestrial, 
aeronautical,  and  space  systems. 

This  work  was  done  by  Nesim  Halyo  of 
Information  and  Control  Systems,  Inc.,  for 
Langley  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  CR-3838 
[N84-31217/NSP],  "Investigation,  Develop- 
ment, and  Application  of  Optimal  Output 
Feedback  Theory:  Volume  I  —  A  Conver- 
gent Algorithm  for  the  Stochastic  Infinite- 
Time  Discrete  Optimal  Output  Feedback 
Problem."  [AM] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
LAR-13684/TN 
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Calculating  Numbers  to 
Arbitrarily  High  Precision 

The  PITEST  program 
is  a  package  of  fast 
routines  for  performing 
multiprecision  arithmetic. 

The  PITEST  program  is  a  package  of 
subroutines  that  perform  arithmetic  on 
floating-point  numbers  of  arbitrarily  high 
precision.  PITEST  can  also  work  on  very 
large  integers  by  treating  them  as  floating- 
point numbers  with  enough  precision  to 
represent  their  integral  values  exactly.  Mul- 
tiprecision computations  are  important  in 
public-key  cryptography,  Bessel-function 
evaluation,  and  as  tests  for  the  integrity  of 
scientific  computer  systems  (testing  both 
equipment  and  FORTRAN  compilers). 

The  main  program  of  PITEST  calculates 
the  value  of  n,  the  ratio  of  the  circum- 
ference of  a  circle  to  its  diameter,  using  two 
algorithms  recently  discovered  by  the  Bor- 
weins.  PITEST  is  capable  of  calculating  n  to 


several  billion  digits,  although  the  program 
as  delivered  will  calculate  only  25,000 
digits. 

Once  the  multiprecision  package  has 
been  verified  by  obtaining  the  same  result 
for  n  by  the  two  supplied  calling  programs, 
then  it  may  be  used  confidently  for  applica- 
tion programs.  This  package  contains  sub- 
routines to  perform  multiplication,  division, 
and  the  extraction  of  square  roots  by  use  of 
subroutines  based  on  such  sophisticated 
techniques  as  fast  Fourier  transforms.  The 
use  of  these  subroutines  can  dramatically 
reduce  the  demand  on  computational 
resources  when  arithmetic  of  high  preci- 
sion is  required. 

PITEST  is  written  in  FORTRAN  77  for 


batch  execution  and  can  be  implemented 
on  any  computer  with  60-bit  or  64-bit 
floating-point  arithmetic.  PITEST  has  been 
implemented  on  a  CRAY-XMP  supercom- 
puter under  COS  with  a  central-memory  re- 
quirement of  approximately  160K  of  64-bit 
words.  It  has  also  run  on  an  IBM  PC  with  a 
math  coprocessor.  PITEST  requires  a 
machine-dependent  clock-timing  subrou- 
tine. The  program  was  developed  in  1986. 
This  program  was  written  by  David  H. 
Bailey  of  Sterling  Software  for  Ames  Re- 
search Center.  /77V 

FOR    ADDITIONAL    INFORMATION 
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854  New  Ways  Found  to  Study  Fast  Processes  in  Semiconductors 

855  Naval  Surface  Warfare  Center  Develops  New  Electro-Mechanical 
Transducer  (Licensing  Opportunity) 

856  Burst-Locked  Oscillator  Avoids  Side  Lock  —  A  counting  circuit  corrects 
errors  when  side  lock  occurs.  (Licensing  Opportunity) 

857  Effects  of  Radiation  on  Electronics  -  Additional  References  —  A  bibliogra- 
phy with  abstracts  covers  literature  from  1984  and  1985. 

858  Electrically-Isolating  Analog  Amplifier  —  Signals  can  be  transmitted 
between  units  at  different  ground  potentials. 

859  Equations  for  Rotary  Transformers  —  A  common  textbook  problem  is 
solved. 

860  Improved  Charge-Coupled  Imager  for  X-Rays  —  Quantum  efficiency  and 
resolution  would  be  increased.  (Licensing  Opportunity) 

861  Integrated  Arrays  of  Infrared  Detectors  —  The  state  of  the  technology  is 
surveyed.  (Licensing  Opportunity) 

862  Integrated  Displays  for  Helicopter  Pilots  —  Concepts  that  combine  a 
variety  of  sensor  data  are  evaluated.  (Licensing  Opportunity) 

863  Microwave  Transmitter  with  Multimode  Output  Section  —  The  output- 
waveguide  structure  would  transport  400  kW  of  continuous-wave  signal 
power  at  34.5  GHz. 

864  Mobile  Communication  Via  Satellite  —  A  system  would  mix  real-time  and 
delayed-transmission  channels.  (Licensing  Opportunity) 

865  Merging  Digital  Data  with  a  Video  Signal  —  Data  can  be  displayed  on  a 
television  image  of  an  experiment. 

866  Multiple-Feed  Design  for  DSN/SETI  Antenna  —  Frequency  bands  are 
changed  with  little  interruption  of  operation. 

867  Wideband  Digital  Interface  Unit  —  Signals  are  converted  form  serial  to 
parallel  and  buffered  for  input  to  a  computer.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

868  High-Resolution  Measurements  of  Thin-Film  Interfaces 

869  Depolarization-Measuring  Device  —  The  knowledge  of  radiation  in  a  lidar 
channel  enables  the  determination  of  the  depolarization  ratio.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

905      Antireflection  Overcoat  for  Submillimeter  Wavelengths  —  The  coating 
thickness  is  not  critical.  (Licensing  Opportunity) 
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Technology  Application 


Lawrence  Berkeley  Laboratory 


New  Ways  Found  to  Study  Fast  Processes  in 
Semiconductors 


New  ways  of  studying  so- 
called  "fast  processes"  in 
semiconductors — internal 
processes  that  take  place  in 
less  than  a  trillionth  of  a  sec- 
ond and  affect  what  the  ma- 
terial can  do — have  been  de- 
veloped by  LBL  scientists. 

Peter  Yu,  a  physicist  with 
the  Materials  and  Chemical 
Sciences  Division,  led  this 
work,  which  could  be  crucial 
to  the  development  of  future 
electronic  products. 

For  all  of  the  amazing  ca- 
pabilities of  silicon,  the  elec- 
tronics industry  needs  a 
semiconductor  that  can  do 
more.  Future  electronic  de- 


vices have  to  be  much  faster 
than  today's  silicon-based 
products  and  must  also  be 
able  to  generate  light  for  use 
in  optical-fiber  communica- 
tion. Developing  new  semi- 
conductors will  require  an 
understanding  of  the  dy- 
namics of  solid-state  plas- 
mas. 

Created  by  rapid  bursts  of 
intense  laser  light,  solid- 
state  plasmas  contain  elec- 
trons and  holes  (vacant  elec- 
tron energy  states)  that  dart 
around  at  high  speeds  inside 
the  semiconductor,  but  since 
the  movement  of  these  elec- 
trons and  holes  is  influenced 


by  the  presence  of  other  at- 
oms in  the  crystal,  their  ve- 
locity increases.  In  the  world 
of  electronics,  high  electron- 
hole  velocities  mean  faster 
devices. 

When  electrons  and  holes 
created  in  a  solid-state 
plasma  recombine,  as  is 
likely  to  happen  in  certain 
semiconductors,  such  as  gal- 
lium arsenide,  they  emit 
light.  This  light-emitting 
property  has  been  used  to 
make  highly  efficient  laser 
diodes  for  optical-fiber  com- 
munications, the  next  big 
area  of  development  for 
electronic  devices.  Solid- 


LBL  scientists  Yihe  Huang,  Peter 
Yu,  and  Dai-Sik  Kim  have  devel- 
oped a  laser  that  can  provide  the 
rapid  pulses  of  light  needed  for 
spectroscopic  studies  of  proc- 
esses occurring  in  solid-state  plas- 
mas. These  processes  can  take 
place  in  quadrillionths  of  a  second. 
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state  plasmas  also  play  an 
essential  role  in  electronic 
device  fabrication  tech- 
niques, such  as  laser  anneal- 
ing, a  repair  mechanism  in 
which  an  amorphous  mate- 
rial is  rapidly  melted  by  an 
intense  laser  beam,  then 
quickly  cooled  to  restore 
crystallinity.  Used  in  combi- 
nation with  ion  implanta- 
tion, laser  annealing  allows 
semiconductors  to  be 
"doped"  with  impurity  at- 
oms at  precise  locations  in 
the  crystal. 

Both  the  light-emitting 
process  and  the  annealing 
process,  which  involves  the 
exchange  of  thermal  energy 
between  electrons  and 
phonons  (quanta  of  thermal 
vibrations  in  a  crystal  lat- 
tice), happen  quickly.  Elec- 
trons and  holes  take  about  a 
nanosecond  (billionth  of  a 
second)  to  recombine  and 
can  readily  be  studied  with 
picosecond  laser  pulses. 
Electron-phonon  interaction 
times,  however,  range  from 
100  picoseconds  to  less  than 
one  picosecond,  depending 
on  whether  the  interaction 
involves  a  low-energy 
"acoustical"  phonon,  in 
which  adjacent  atoms  in  the 
lattice  vibrate  in  the  same 
direction,  or  high-energy 
"optical"  phonons,  in  which 
adjacent  atoms  vibrate  in 
opposite  directions. 

"Interactions  between 
electrons  and  optical  phon- 
ons were  too  swift  for  us  to 
observe  directly,"  says  Yu. 
Yu's  team,  which  includes 


physicists  Yihe  Huang  and 
Dai-Sik  Kim,  devised  a  tech- 
nique whereby  the  heating 
of  the  phonons  due  to  the 
cooling  of  the  plasma  was 
measured  as  a  function  of 
time.  From  this  information, 
they  determined  how  long  it 
took  for  the  excited  electrons 
to  give  up  heat  to  phonons. 

"Although  indirect,  our 
approach  was  accurate 
within  50  percent  in  deter- 
mining electron-phonon  in- 
teraction times  as  fast  as  10 
femtoseconds  (quadrillionths 
of  a  second),  which  is  better 
by  at  least  one  order  of  mag- 
nitude over  the  uncertainties 
with  which  we've  dealt  be- 
fore," says  Yu. 

One  of  the  questions  Yu's 
team  investigated  was  why 
the  rate  of  electron  cooling 
decreases  when  the  density 
of  a  solid-state  plasma  is  in- 
creased. This  is  important 
because  crystal  repairs  occur 
only  when  the  solid-state 
plasma  transfers  its  thermal 
energy  to  phonons.  The 
faster  the  phonons  heat  up, 
the  better.  If  the  annealing 
process  drags  on  too  long, 
impurities  can  aggregate  in 
clusters  or  diffuse  into  areas 
of  the  crystal  where  they  are 
not  wanted. 

For  Additional  Information: 

Mr.  Robert  Morris 

Office  of  Research  and  Technology 

Application 
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Naval  Surface  Warfare  Center  Develops  New 
Electro-Mechanical    Transducer 


Scientists  at  Naval  Surface 
Warfare  Center  have  incorpo- 
rated improved  magnetostrictive 
materials  into  a  new  electro- 
mechanical transducer  patented 
(U.S.  Patent  #4,158,368)  for  use 
as  a  fluid-flow  control  device. 

The  fluid-flow  control  device 
is  based  on  the  principal  that 
magnetostrictive  materials  (rare 
earth/iron)  change  shape  when 
placed  in  a  magnetic  field.  The 
device  is  comprised  of  a 
cylindrical  housing  made  from 
magnetostrictive  materials, with 
an  electrical  coil  encircling  it 
longitudinally.  A  tapered 
plunger  that  exhibits  negative 
magnetostriction  is  placed  within 
the  housing  and  seated  with  a 
discharge  port.  When  an  electri- 
cal current  is  passed  through  the 
coil,  the  magnetically  sensitive 
materials  in  the  housing  expand 
and  the  plunger  pulls  away  from 
its  seated  position  and  opens  the 


discharge  port. 

Available  for  licensing,  this 
flow  control  device  design  pro- 
vides a  simple  valve  mechanism 


for  controlling  microliter  flow,  for 
supplying  anesthetic  gases,  or  for 
blending  fuels  in  process  control 

systems. 


Af£RTUREDI>LATl  — 
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COMPARATOR 


Diagram  of  magne uistnclive  flow  control  valve  in  a  feedback  system. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
CodeE211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 
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Burst-Locked  Oscillator  Avoids  Side  Lock 

A  counting  circuit  corrects  errors  when  side  lock  occurs. 


A  digital  error-detection-and-correction 
circuit  in  a  color-television  oscillator  circuit 
provides  synchronization  when  the  color- 
burst  frequency  has  drifted  outside  the  nor- 
mal tolerance.  Such  deviations  of  frequen- 
cy often  occur  in  playback  from  videodisk 
or  tape  records. 

Each  line  of  a  color-television  signal 
contains  a  short  burst  (the  color  burst)  of  a 
reference  frequency  to  which  the  color  os- 
cillator of  the  receiver  must  be  locked  in 
phase  if  the  color  information  in  the  signal 
is  to  be  properly  recovered.  Side  lock  is 
said  to  occur  when  the  color  oscillator 
locks  to  the  burst  but  at  a  frequency  that 
contains  one  or  more  cycles  too  many  or 
too  few  per  picture  line.  To  prevent  side 
lock,  it  is  necessary  to  keep  the  difference 
between  the  color-burst  and  color-oscilla- 
tor frequencies  less  than  half  the  horizontal 
scanning  frequency,  which  is  nominally 
2/455  times  the  color-burst  frequency. 

In  the  figure,  the  upper  part  of  the  circuit 
is  a  standard  burst  phase-locked  loop.  A 
voltage-controlled,  rather  than  a  crystal- 
controlled,  oscillator  is  used  to  allow  a  wide 
frequency  range  for  following  off-frequen- 
cy signals.  The  oscillator  operates  at  four 
times  the  burst  frequency. 

The  counter  in  the  lower  part  of  the  cir- 
cuit counts  the  number  of  cycles  of  the  os- 
cillator signal  occurring  in  each  picture 
line.  The  horizontal-synchronization  pulse 
triggers  capture  of  the  count  in  the  latch 
and  then  resets  the  counter  to  zero  for  the 
next  line. 

The  number  stored  in  the  latch  is  used  as 
an  address  to  control  the  output  of  a  read- 
only memory  (ROM).  The  ROM  provides  two 
output  signals  that  control  a  tristate  line- 
driver  to  provide  an  error-correction  signal 
to  the  oscillator.  One  output  connected  to  an 
input  terminal  of  the  driver  is  low  for  all 
counts  (addresses)  less  than  909  and  high 
for  all  counts  above  909. 

The  second  ROM  output  controls  the  tri- 
state input  of  the  driver.  When  the  count  is 
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A  Digital  Side-Lock-Prevention  Circuit  Is  used  In  a  television  color-burst  phase-lock-loop  os- 
cillator to  provide  greater  tolerance  of  off-frequency  signals  than  do  crystal-controlled  oscil- 
lators. 


either  908  or  909,  the  oscillator  is  deemed 
to  be  producing  the  correct  number  of 
cycles  per  line,  and  the  output  from  the 
ROM  tristates  (in  effect,  disconnects)  the 
output  of  the  driver.  For  other  counts,  side 
lock  has  occurred,  and  the  driver  provides 
the  high  or  low  output  necessary  to  cause 
the  oscillator  to  shift  toward  the  frequency 
that  will  eliminate  the  side  lock. 

This  work  was  done  by  Robert  A. 
Dischert  of  RCA  Corp.  for  Johnson  Space 
Center.  No  further  documentation  is 
available. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National  Aero- 
nautics and  Space  Act [42  U.S.C  2457(f)], 


to  the  RCA  Corp.  Inquiries  concerning 
licenses  for  its  commercial  development 
should  be  addressed  to 

RCA  Corp 
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Princeton,  NJ  08543 
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Lyndon  B.  Johnson 
Space  Canter 
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Mail  Code  EA4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K  Fein 
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Effects  of  Radiation  on 
Electronics  —  Additional 
References 

A  bibliography  with  abstracts 
covers  literature  from 
1984  and  1985. 

The  first  volume  of  a  three-volume 
series  of  bibliographies  with  abstracts 
summarizes  the  literature  on  the  effects  of 
radiation  on  new  electronic  devices.  The 
cited  literature  also  includes  items  about 
sources  of  radiation  and  test  facilities.  The 
bibliography  is  addressed  to  radiation  test 
engineers.  This  and  the  second  volume 
cover  the  years  1984  and  1985.  The  third 
volume,  which  covers  1982  and  1983,  was 
described  previously.  [See  "More  on  Ef- 
fects of  Radiation  on  Electronics"  (NPO- 
17019)  on  page  35  of  NASA  Tech  Briefs, 
Vol.  11,  No.  7.] 

The  types  of  radiation  discussed  include 
protons,  electrons,  neutrons,  x  rays,  y  rays, 
and  ions  ranging  in  energy  from  0  to  over 


20  GeV  Among  the  semiconductor  materi- 
als covered  are  Si,  GaAs,  and  GaAIAs. 
Devices  covered  include  transistors,  inte- 
grated circuits,  photodetectors,  micro- 
processors, and  dosimeters. 

The  abstracts  are  primarily  from  U.S. 
sources,  including  conference  proceed- 
ings and  research  journals.  The  authors' 
original  abstracts  are  used  except  where 
they  are  too  lengthy  or  vague.  The  ab- 
stracts are  grouped  in  four  categories: 

1 .  Dose-Rate  Effects, 

2.  New  Technology, 

3.  Post-Irradiation  Effects,  and 

4.  Test  Environments. 

Abstracts  bearing  on  more  than  one  cat- 
egory are  repeated  in  each  applicable  cat- 


egory. Each  abstract  lists  all  of  the  cat- 
egories under  which  it  appears.  Within  a 
category,  abstracts  are  in  alphabetical 
order  by  primary  author.  An  index  of  pri- 
mary authors  is  provided. 

This  work  was  done  by  Frank  L  Bouquet 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

"Bibliography  of  Total  Dose  Radiation  Ef- 
fects on  Electronics,  Volume  I, " 
NPO-16958  /TN 
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Electrically-Isolating  Analog  Amplifier 

Signals  can  be  transmitted  between  units  at  different  ground  potentials. 


An  analog  amplifier  electrically  isolates 
its  input  from  its  output  through  the  use  of 
optoelectronic  components.  Such  a  circuit 
may  be  useful  in  most  spacecraft  electron- 
ic systems,  where  there  is  a  need  to  isolate 
signal  grounds  from  power  grounds.  Simi- 
larly, in  atypical  power-conditioning  circuit, 
there  is  a  need  to  transfer  a  signal  voltage 
from  a  circuit  grounded  to  the  supply  volt- 
age to  a  circuit  grounded  to  the  return  of 
the  supply  voltage.  Although  differential 
amplifiers  can  be  used  for  this  purpose, 
constraints  on  dc  impedance  between 
grounds  or  limitations  on  common-mode 
voltages  can  restrain  their  use. 

The  circuit  (see  figure)  includes  a  dual- 
phototransistor  optoisolator  (MCT6  or 
equivalent).  The  device  must  be  selected 


for  a  matched  pair.  The  incoming  signal 
voltage  is  converted  to  a  current  (I :)  by  op- 
erational amplifier  IC1  connected  as  a 
transconductance  amplifier  with  transcon- 
ductance  determined  by  the  inverse  of  re- 
sistor Rv 

The  current  1 1  is  fed  as  an  input  to  one  of 
the  phototransistors  in  the  optoisolator, 
which  in  turn  causes  a  current  l2  to  flow 
through  R2  and  establishes  a  voltage  pro- 
portional to  the  incoming  signal  voltage. 
This  voltage  is  then  fed  to  a  second  opera- 
tional amplifier  (IC2),  which  in  turn  drives  a 
current  l3  into  input  of  the  second  photo- 
transistor  in  the  optoisolator. 

The  output  current  of  the  second  tran- 
sistor, l4,  which  is  proportional  to  l3,  is  then 
used  to  close  the  loop  by  comparison  of 


the  voltage  induced  by  l4across  resistor  R4 
with  that  of  the  voltage  across  R2.  Because 
of  the  matching  of  the  components  in  the 
optoisolator,  the  current  l3  equals  the  cur- 
rent lv  and  the  corresponding  voltage 
across  R3  equals  the  input  voltage. 

The  voltage  across  R3  can  be  buffered 
by  a  third  operational  amplifier  (ICj)  to  pro- 
vide an  output  voltage  with  low  impedance, 
directly  proportional  to  the  signal  voltage, 
and  the  return  of  which  is  isolated  from  the 
input  return,  with  impedance  and  voltage- 
isolation  limits  determined  by  the  charac- 
teristics of  the  optoisolator. 

This  work  was  done  by  John  Paulkovich 
and  G.  Ernest  Rodriguez  of  Goddard 
Space  Right  Center.  No  further  docu- 
mentation is  available.    GSC-13150  /TN 
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The  Analog  Isolation  Amplifier  uses  a  dual-transistor  optoisolator  to  prevent  the  transmission  of  common-mode  voltage  from  the  input  to  the 
output. 
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Equations  for  Rotary  Transformers 

A  common  textbook  problem  is  solved. 


Equations  have  been  derived  for  the  in- 
put impedance,  input  power,  and  ratio  of 
secondary  current  to  primary  current  of  a 
rotary  transformer.  The  equations  can  be 
used  for  the  quick  analysis  of  transformer 
designs  and  are  easy  to  set  up  on  a  pro- 
grammable hand-held  calculator  or  desk- 
top computer. 

The  circuit  model  is  one  commonly  used 
in  textbooks  on  the  theory  of  ac  circuits 
(see  figure).  An  ac  voltage  source  of  am- 
plitude V  drives  the  current  /1  in  a  primary 
winding  of  resistance  W1  and  self-induct- 
ance L 1 .  Acting  through  mutual  inductance 
M,  the  primary  current  induces  a  current  /2 
in  the  secondary  winding,  which  has  self- 
inductance  L2.  The  total  resistance  of  the 
secondary  winding  plus  the  load  con- 
nected to  the  secondary  winding  is  R2. 

The  coupled  loop  equations  for  /1  and  /2 
are  straightforward  and  are  solved  easily, 
yielding  the  following  results: 
(1)  Input  impedance  = 
Z  =  (/?!  +  0,2  j_2)  - 1  { R 1 R2  +  aj2(M2  fl2 


«1 
-V\Ar 


©• 


M 

lA 


R2 


Primary  Loop:  l-|  (R-)  +  \wL-\)-\wM\2  =  V 
Secondary  Loop:  l2  (P^  +  j^l^i-i^MI-i  =0 

The  Loop  Equations  for  a  Rotary  Transformer  Circuit  are  easily  solved,  resulting  in  the  equa- 
tions shown  in  the  text. 


where  cu  is  the  angular  frequency  and/  rep- 
resents the  imaginary  axis  in  the  comptex 
plane. 
(2)  Input  power  = 

P=V2Re(Z)IZ2 
where  Re(Z)  is  the  real  part  of  Z. 


(3)  Secondary  current/primary  current  = 

/,*/,=  o»W/(/?|+ a)2  £|)1/i! 

777/s  work  was  done  by  Phil  M.  Salomon, 
Peter  J.  Wiktor,  and  Carl  A.  Marchetto  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. NPO-17120/TN 
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Improved  Charge-Coupled 
Imager  for  X  Rays 

Quantum  efficiency  and 
resolution  would  be  increased. 


A  virtual-phase  charge-coupled  device  has  been  proposed  to 
improve  the  imaging  of  x  rays  with  photon  energies  of  0.2  to  1 0 
keV.  The  anticipated  benefits  of  the  new  design  include  higher 
spatial  and  spectral  resolution  and  greater  quantum  efficiency 
at  low  photon  energies.  Potential  applications  include  imaging 
spectrometers  for  x-ray  astronomy,  investigations  of  plasmas, 
and  x-ray  crystallography. 

In  a  conventional  multiphase  charge-coupled  device,  the  sen- 
sitivity to  photons  of  less  than  about  2  keV  is  degraded  by  the 
absorption  of  these  photons  in  such  "dead  layers"  as  the  oxide 
and  gate  structures.  Sensitivity  can  be  restored  by  the  use  of  a 
virtual-phase  configuration  and  by  decreasing  the  thickness  of 
the  oxide  in  the  virtual  phase  to  500  A . 

However,  without  further  modification,  a  conventional  virtual- 
phase  charge-coupled  device  exhibits  a  loss  of  spatial  resolu- 
tion with  photons  of  2  to  1 0  keV.  Such  photons  are  absorbed 
below  the  charge-carrying  and  depleted  regions.  When  charge 
is  thus  generated  below  the  depleted  region,  it  moves  toward 
the  charge-carrying  region  and  spreads  out.  Thus,  portions  of 
the  charge  are  detected  in  several  adjacent  picture  elements 
whereas  it  is  desired  to  detect  it  only  in  the  picture  element  or 
elements  struck  by  the  photons. 

In  the  proposed  device  (see  figure),  the  depletion  depth  would 
be  about  1 0  /*m  comparable  to  the  thickness  (1 0  to  1 5  /*m)  of 
the  epitaxial  layer  on  which  the  device  is  fabricated.  This  feature 


is  expected  to  prevent  the  spreading  of  photogenerated 
charge  to  adjacent  picture  elements.  Thus  the  device  would  of- 
fer the  increased  quantum  efficiency  of  the  virtual-phase 
configuration,  but  without  the  loss  of  resolution. 

The  quantum  efficiency  of  the  device  is  predicted  to  have 
representative  values  of  33  percent  at  0.2  keV,  76  percent  at  0.7 
keV,  69  percent  at  1.5  keV,  90  percent  at  2.0  keV,  45  percent  at  5.0 
keV,  and  10  percent  at  10  keV.  Numerical  simulations  indicate 
that  the  required  deep  depletion  can  be  achieved  by  the  use 
of  a  high-resistivity  substratedopedat1.5x1014cm_3,witha 
phosphorus  implant  of  1.5  x  1012  cm  ~2  at  190  keV  and  an  arse- 
nic implant  of  3  x  1012  cm  _  2  at  25  keV. 

This  work  was  done  by  Mark  Wadsworth  of  Texas  Instruments, 
Inc.,  for  NASA's  Jet  Propulsion  Laboratory. 

Inquiries  concerning  rights  for  the  com  mercial  use  of  this  inv- 
ention should  be  addressed  to  the  Patent  Counsel.  NASA  Resi- 
dent OfficeJPL  Refer  to   NPO-17312./TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office  Patent  Counsel: 

Technology  Utilization  Paul  F  McCaul 

Officer:  Gordon  S.  Mail  Code  180-801 

Chapman  4800  Oak  Grove  Drive 

Mall  Stop  180-801  Pasadena,  CA  91 109 

4800  Oak  Grove  Drive  (818)354  2734 

Pasadena,  CA  91 109  Technology  Utilization 

(818)354-4849  Mgr  tor  JPL  Norman 


L  Chalfm 

Mail  Stop  156-211 

4800  Oak  Grove  Drive 

Pasadena,  CA  91109 

(818)354-2240 


The  Improved  Virtual-Phase  Charge-Cou- 
pled Device  would  feature  a  thin  layer  of  ox- 
ide in  the  virtual  phase  to  increase  the  quan- 
tum efficiency  and  a  depletion  layer  nearly 
as  thick  as  the  epitaxial  silicon  layer  to  in- 
crease the  resolution. 
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Note:  Not  to  scale 
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Integrated  Arrays  of 
Infrared  Detectors 

The  state  of  the 
technology  is  surveyed. 

A  report  presents  an  overview  of  the 
technology  of  integrated  arrays  of  infrared 
detectors.  The  report  covers  arrays  now 
available  and  those  under  development.  It 
gives  examples  of  astronomical  images 
that  illustrate  the  potential  of  infrared  ar- 
rays for  scientific  investigations. 

Integrated  arrays  combine  detection 
and  readout-multiplexing  functions  in  in- 
tegral packages.  In  principle,  they  can  be 
made  from  a  variety  of  intrinsic  and  extrin- 
sic infrared-sensitive  materials.  Intrinsic 
materials  like  indium  antimonide  and  mer- 
cury cadmium  telluride  are  generally  em- 
ployed in  photovoltaic  detectors.  Extrinsic 
materials  like  silicon  doped  with  gallium 
and  silicon  doped  with  arsenic  are  general- 
ly employed  in  photoconductors  or  photo- 
capacitors.  Techniques  for  growing  crys- 
tals, ensuring  purity,  and  forming  contacts 
are  highly  advanced,  and  integrated  arrays 
now  achieve  nearly  ideal  performance.  Li- 
mitations to  sensitivity  are  imposed  prima- 
rily by  the  readout  circuitry,  which  can  be 


based  on  charge-coupled  devices,  charge- 
injection  devices,  or  switched  field-effect 
transistors. 

At  present,  integrated  infrared  arrays 
are  made  by  hybrid  methods.  Two  distinct 
substrates  are  used;  by  designing  and 
processing  the  detector  and  multiplexer 
substrates  separately  and  "bump  bonding" 
them  together,  optimum  performance  can 
be  obtained  from  each.  Indium-bump- 
bonding  techniques  are  now  well  establish- 
ed, and  interconnection  yields  of  100  per- 
cent for  32-by-32  arrays  are  common. 

The  performances  of  switched  field-ef- 
fect transistor  multiplexers,  which  offer  the 
greatest  sensitivity,  are  expected  to  im- 
prove further.  Meanwhile,  development 
continues  on  advanced  detector  and  read- 
out concepts  like  impurity-band  conduc- 
tion arrays,  which  offer  the  potential  of 
superior  sensitivity,  linearity,  and  ability  to 
withstand  radiation.  Also  promising  is  an 
arsenic-doped  silicon  solid-state  photomul- 
tiplier;  such  a  device  has  already  counted 


single-photon  events  at  a  wavelength  of 
28  Mm. 

This  work  was  done  by  J.  H.  Goebel  and 
C  R.  McCreight  of  Ames  Research  Cen- 
ter. Further  information  may  be  found  in 
NASA  TM-88357  [N87-18475/NSP],  "In- 
tegrated Infrared  Array  Technology. "  [AQ2] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center 
Refer  to  ARC-1 1 787. /TN 

Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-11 
Moffett  Field.  CA  94035 
(415)694-5104 
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Integrated  Displays  for 
Helicopter  Pilots 

Concepts  that  combine  a 
variety  of  sensor  data 
are  evaluated. 

A  report  describes  an  evaluation  of 
three  similar  video  displays  for  the 
guidance  of  helicopter  pilots  in  low-level 
flight  at  night  in  adverse  weather.  The 
evaluation  was  done  by  piloted  simulation 
in  a  vertical-motion  simulator. 

In  all  three  displays,  a  computer  pro- 
duces guidance  information  for  the  pilot  by 
integrating  data  from  terrain-following 
radar,  forward-looking  infrared  (FLIR)  im- 
agery, and  data  from  such  autonomous 
navigation  instruments  as  inertial  naviga- 
tion systems  and  Doppler  radar.  The  FLIR 
imagery,  information  on  the  status  of  the 
helicopter,  and  command  symbols  were  in- 
corporated in  one  head-down  display. 

In  all  displays,  the  FLIR  imagery  is  align- 
ed with  the  flight  path  of  the  aircraft.  In 
display  1,  the  pitch  attitude  is  conformal  to 
the  FLIR  imagery.  In  display  2,  the  pitch  at- 
titude is  also  conformal  to  the  FLIR  im- 
agery, but  the  pitch  scale  is  increased.  In 
display  3,  the  pitch  attitude  is  nonconfor- 
mal  to  the  imagery,  and  the  pitch  scale  is 
the  same  as  in  display  2. 


The  pilots  performed  three  kinds  of 
tasks  in  the  simulator: 

1 .  Following  the  terrain  at  an  altitude  of 
100  ft  (30  m)  above  the  local  ground  level 
while  traveling  along  a  prescribed  course 
at  a  speed  of  60  knots  (31  m/s); 

2.  Following  the  terrain  in  a  similar  manner, 
but  at  a  speed  of  90  knots  (46  m/s);  and 

3.  Deceleration  to  hover  while  following  the 
terrain  along  a  prescribed  course. 

The  pilots  carried  out  the  tasks  over 
various  simulated  terrain  profiles  during 
simulated  day  and  night,  with  and  without 
simulated  wind  and  turbulence. 

All  three  display  concepts  were  rated 
acceptable  by  the  pilots.  However,  the 
pilots  expressed  a  preference  for  display  3 
because  it  provided  them  with  greater 
awareness  of  the  pitch  attitude  of  the 
helicopter,  thereby  enabling  them  to  con- 
trol the  attitude  more  precisely. 

This  work  was  done  by  Harry  N. 
Swenson  and  Clyde  H.  Paulk,  Jr.,  of  Ames 
Research  Center  and  Robert  L  Kilmer 
and  Frank  J.  Kilmer  of  IBM  Corp.  Further 


information  may  be  found  in  NASA 
TM-86779  [N 86-31 551/NSP],  "Simulation 
of  Display/FUR  Concepts  for  Low  Altitude 
Terrain- Following  Helicopter  Operations." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  336-4700.  [A02J 

Inquiries  concerning  rights  for  the 
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Microwave 
Transmitter  With 
Multimode  Output 
Section 

The  output-waveguide 
structure  would  transport  400 
kW  of  continuous-wave  signal 
power  at  34.5  GHz. 

A  proposed  34.5-GHz  transmitter  with  a 
unique  output-waveguide  section  would 
generate  as  much  as  400  kW  of  continuous- 
wave  (CW)  signal  power.  The  microwave 
transmitter  would  include  a  traveling-wave- 
tube  preamplifier  that  feeds  a  gyroklystron 
final  amplifier  operating  at  100-kV,  10-A 
power  input.  Extensive  monitoring  and 
controlling  circuitry  would  be  provided,  in- 
cluding 20  major  safety  interlocks  asso- 
ciated with  the  gyroklystron  stage  alone. 

The  main  feature  of  the  conceptual  de- 
sign of  this  microwave  transmitter  is  the 
output  section  (see  figure),  which  is  intend- 
ed to  perform  multiple  functions.  The  signal 
is  coupled  out  of  the  gyroklystron  through  a 
window  2.5  in.  (6.35  cm)  in  diameter,  the 
optimum  size  for  the  gyroklystron  opera- 
tion. A  rippled-wall  mode  converter  and  as- 
sociated tapers  (see  figure)  will  convert  the 
circularly  polarized  TE12  output  mode  of 
the  gyroklystron  into  the  required  circularly 
polarized  TE^  mode.  The  final  output  dia- 
meter for  the  waveguide  system  is  1.75  in. 
(4.44  cm).  This  diameter  was  chosen  for 
two  reasons:  (1 )  because  it  was  the  approx- 
imate aperture  size  required  for  efficient  il- 
lumination of  the  associated  Cassegrain 
antenna  and  thus  eliminated  the  need  for  a 
tapered  feedhorn  and  (2)  because  of  its 
ability  to  transport  the  34.5-GHz  signal  with 
relatively  low  loss  in  the  TE^  mode.  In  addi- 
tion, the  large  diameter  is  required  to 
transport  the  400-kW  CW  signal  reliably 
(i.e.,  without  waveguide  breakdown). 

The  gyroklystron  output  power  is  pre- 
dominantly in  the  TE12  mode.  This  TE12 
power  is  then  converted  to  the  TE„  mode 
with  high  efficiency  in  the  mode-converter 


Forward  TE-^ 

Left-Circularly 

Polarized  Power 

TE-|i  Directional 
Coupler 


Forward  TE-n 
Right-Circularly 
Polarized  Power 


Waveguide 

Taper 

(2.5  to  1.75  in.) 


ANTENNA  FEED  (MAGNIFIED) 


-Window 


-Gyroklystron 


TEn 


TE-|i  and 

Spurious 

Modes 


VA 


DIRECTIONAL  COUPLER  (MAGNIFIED) 


■10 


a- 20 

< 


«  -30 


-40 


•90     -70 


_i i I i h. 


TE12 


-30     -10   0    10  30 

Polar  Angle,  Degrees 

ANTENNA-FEED  DIRECTIONAL  PATTERNS 


70 


90 


The  Output  Waveguide  Structure  includes  a  mode  converter,  directional  coupler,  polariza- 
tion monitor,  and  a  corrugated  overmoded  output  section.  The  output  directional  pattern 
(bottom  right)  is  suitable  for  antenna  illumination  without  a  flared  feedhorn. 


863 


section  (see  figure).  Propagation  through 
the  rippled-wall  waveguide  is  described  by 
a  set  of  coupled  wave  equations.  Numeri- 
cal techniques  are  used  to  solve  the  equa- 
tions, and  the  number  of  ripples,  ripple 
amplitude,  and  ripple  period  are  deter- 
mined for  optimum  TE^-to-TE^  mode  con- 
version. However,  neither  the  gyroklystron 
or. mode-converter  output  will  be  free  of 
spurious  mode  power. 

Therefore,  the  directional  couplers  re- 
quired for  monitoring  the  forward  and  re- 
flected TE^  power  must  be  both  directive 
and  mode  selective.  A  coupled-transmis- 
sion-line analysis  leads  to  the  design  of 
such  a  directional  coupler,  the  general 
configuration  of  which  is  shown  at  the  up- 


per-right portion  of  the  figure.  Uniformly 
spaced,  round  coupling  holes  and  an  axial- 
ly  tapered  coupling  profile  will  provide  a 
coupling  factor  of  -  70  dB  in  the  forward 
and  reverse  direction,  40  dB  of  directivity, 
and  spurious-mode  discrimination  of  more 
than  25  dB.  Two  coupler  arms  measuring 
the  orthogonal  linear  TE^  modes  will  be 
combined  to  monitor  the  circularity  of  the 
TE^  mode  power. 

The  transmission  line  terminates  in  a 
multimode  feed  section  with  corrugations 
of  varying  depth.  Propagation  through  the 
feed  section  is  analyzed  using  mode- 
matching  methods,  and  slot-depth  profile  is 
adjusted  to  give  a  suitable  radiation  pat- 
tern. As  the  signal  travels  along  this  sec- 


tion, the  incident  TE^  mode  is  transformed 
into  the  balanced  HE^  mode,  which  pos- 
sesses a  circularly  symmetric  radiation 
pattern  with  theoretically  no  cross  polariza- 
tion; the  HE^  mode  is  suitable  for  illumina- 
tion of  the  Cassegrain  subreflector.  The 
predicted  directional  output  pattern  of  this 
output  section  is  shown  at  the  lower-right 
portion  of  the  figure. 

This  work  was  done  by  Daniel  J.  Hoppe, 
Alaudin  M.  Bhanji,  and  Reginald  A.  Cormier 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-16826/TN 
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Mobile  Communication  Via  Satellite 

A  system  would  mix  real-time  and  delay ed-transmission  channels. 
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A  Combination  of  L-band  and  SHF  Links  will  connect  fixed  and  mobile  equipment  on  the  ground  to  a  satellite  relay.  The  software  and  hard- 
ware architecture  conforms  partly  to  the  structure  of  the  open-system-interconnection  model  suggested  by  the  International  Standards 
Organization. 


A  proposed  architecture  for  mobile 
communication  by  satellite  would  enable 
both  real-time  and  store-and-forward 
packet  transmission.  The  real-time,  or 
open-end,  mode  would  be  used  for  voice 
communication.  The  store-and-forward,  or 
closed-end,  mode  would  be  used  for  data 
communication  when  a  modest  delay  is 
acceptable.  The  system  would  adapt  the 
mix  of  modes  to  user  demand. 

A  satellite  mobile  system  is  similar  to  a 
ground-based  mobile  system  in  which 
users  in  vehicles  can  communicate  with 
other  users  in  vehicles  or  at  fixed  locations, 
and  vice  versa,  when  they  are  within  line 
of  sight  of  relay  towers.  However,  in  the 


satellite  system,  the  "relay  tower"  is 
36,000  km  above  the  Earth.  It  will  thus  pro- 
vide blanket  coverage  of  an  entire  conti- 
nent. 

The  traffic  in  such  a  system  will  not  be 
homogeneous.  Some  users  will  need 
short-burst  transmissions  typical  of  in- 
teractive data  transactions,  while  others 
will  want  open-end  channel  assignments 
for  conversations  or  the  transfer  of  large 
data  files.  The  network  design  is  further 
complicated  by  the  uncertainty  about  the 
locations  of  subscribers  roaming  over  a 
vast  geographical  area,  the  multipath 
fading  that  constantly  works  against  the 
reliability  of  transmission,  and  the  propaga- 


tion delay  of  satellite  systems. 

To  function  successfully  under  these 
conditions,  the  network  must  conserve  the 
frequency  spectrum,  maximize  through- 
put, and  minimize  the  end-to-end  service 
delay  and  service-blocking  probability. 
Above  all,  the  network  should  be  modular 
so  that  it  lends  itself  to  evolution  and  in- 
tegration of  new  technologies  as  they  be- 
come available. 

A  network-management  center  will  be 
the  most  important  element  of  the  network 
and  will  coordinate  service  to  millions  of 
geographically  dispersed  subscribers. 
Users  will  gain  access  to  the  system 
through  a  mobile  terminal,  a  base  station, 
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or  an  external  switched  network  connect- 
ed to  a  gateway  (see  figure). 

The  satellite  will  merely  perform  fre- 
quency translations.  It  will  have  multiple 
L-band  beams  at  various  frequencies  so 
that  a  given  frequency  can  be  reused  in 
nonadjacent  beams,  and  thus  will  con- 
serve the  scarce  frequency-spectrum  re- 
source. The  backhaul  communication  will 
be  provided  by  a  single  full-coverage 
super-high-frequency  (SHF)  beam.  Distinct 
SHF  bands  will  correspond  to  the  multiple 
L-band  beams. 

All  communications,  including  SHF/ 
SHF  between  base  stations,  between  gate- 
ways, and  between  base  stations  and  gate- 
ways, will  go  through  the  satellite.  Commu- 
nications between  mobile  terminals  will 
need  two  hops  through  the  satellite,  with  an 
intermediate  gateway  or  base  station  pro- 
viding the  necessary  SHF/SHF  translation. 
The  mobile  terminals  will  communicate 
with  the  satellite  at  L-band.  The  satellite  will 
translate  each  5-kHz  L-band  channel  to  or 
from  a  unique  SHF  channel  to  connect  a 
mobile  terminal  to  the  network-manage- 
ment center,  a  base  station,  or  a  gateway. 

Each  L-band  beam  will  contain  two 
"overhead"  channels.  A  pilot  channel  will 


enable  a  mobile  terminal  to  identify  the 
L-band  beam  in  which  it  is  located  and  to 
acquire  the  initial  frequency  synchroniza- 
tion. A  wake-up  channel  will  enable  the 
mobile  terminal  to  acquire  the  timing- 
reference  and  channel-access  informa- 
tion. 

The  remaining  channels  are  classified 
as  either  control  or  information  channels. 
Control  channels,  in  turn,  are  divided  into 
the  following  two  types: 

1 .  Request  channels,  allocated  to  return 
links  (L-band  to  SHF)  only,  will  be  used  by 
the  mobile  terminals  to  request  connec- 
tions. 

2.  Command  channels,  allocated  to  forward 
links  (SHF  to  L-band  or  SHF  to  SHF)  only, 
will  be  used  by  the  network-management 
center  to  send  control  information  to  the 
network  elements.  The  information  in- 
cludes channel  assignments  and  infor- 
mation on  the  status  of  the  network. 
Information  channels  will  be  used,  as 

the  name  implies,  for  the  transfer  of  infor- 
mation. They  will  be  set  up,  on  request,  be- 
tween mobile  terminals  and  either  base 
stations  or  gateways.  An  information  chan- 
nel could  be  either  an  open-end  or  a 
closed-end  channel. 


For  each  L-band  beam,  the  network- 
management  center  will  maintain  a  pool  of 
request,  open-end,  and  closed-end  chan- 
nels on  the  return  links.  It  will  maintain  a 
similar  pool  of  command,  open-end,  and 
closed-end  channels  on  the  forward  links. 

It  will  adaptively  adjust  the  partition  of  the 
channel  types  according  to  two  perform- 
ance measures:  the  end-to-end  average 
delay  for  closed-end  requests  and  the 
blocking  probability  for  open-end  requests. 

This  work  was  done  by  Tsun-Yee  Van 
and  Firouz  M.  Naderi  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory.  For 
further  information, 
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Merging  Digital  Data  With  a  Video  Signal 

Data  can  be  displayed  on  a  television  image  of  an  experiment. 


An  interface  circuit  board  combines 
data  from  a  computer  with  a  video  signal. 
Video  images  of  an  experiment  can  thus  be 
sent  with  digital  data  on  the  experiment  to  a 
remote  station.  The  digital  data  can  be  raw 
and  unformatted  or  in  the  form  of  charac- 
ters. 

The  board  contains  its  own  microproc- 
essor so  that  it  can  function  independently 
of  the  experiment  computer  (see  figure). 
The  microprocessor  relieves  the  experi- 
ment computer  of  timing  and  control  tasks 
on  the  interface  board;  the  experiment 
computer  need  only  fill  the  board  buffers 
with  data  and  occasionally  communicate 
with  the  interface  board.  The  microproces- 
sor generates  the  address  and  control 
signals  to  read  the  memory,  synchronize 
loading  of  data  into  shift  registers,  track  the 
data-word  count,  swap  buffers,  and  control 
the  programmable  timer,  which  is  an  in- 
tegral part  of  the  digital  video-generation 
circuitry.  The  microprocessor  software  is 
unique  in  that  the  timing  of  the  reading  and 
writing  of  digital  data  is  governed  by  the 
horizontal  and  vertical  video  synchroniza- 
tion signals,  which  are  two  of  the  inputs  to 
the  microprocessor. 

The  position  at  which  the  digital  data  are 
displayed  on  the  receiving  screen  is  pro- 
grammable and  therefore  can  be  adjusted 
for  a  given  application.  The  horizontal  posi- 
tion can  be  changed  by  changing  one  of 
the  timer  counter  values.  The  width  of  the 
data  can  be  changed  by  changing  another 
counter  value.  The  height  of  the  data  can 
be  varied  by  changing  the  number  of  scan 
lines  over  which  the  data  are  written  in  a 
video  field.  The  position  and  size  functions 
are  part  of  the  microprocessor  software. 

The  overall  system  uses  combined 
memory  and  input/output  mapping  in  the 
address  space  of  the  experiment  comput- 
er. This  feature  partitions  data  and  control 
functions  so  that  the  experiment  computer 
can  operate  more  efficiently. 

Analog-multiplexer/bypass  circuitry  on 
the  board  attenuates  and  shifts  the  level  of 
the  digital  data  for  mixing  with  the  video 
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For  Minimal  Power  Consumption,  the  interface  circuit  is  built  of  CMOS  and  HMOS  inte- 
grated-circuit  chips.  The  buffer/decoder  circuit  enables  the  experiment  computer  to  com- 
municate with  the  board  without  excessive  loading  of  the  computer  bus  by  the  board.  The 
memory  multiplexer/memory  array  implements  the  buffer-swapping  scheme  in  which  as  one 
buffer  is  read,  the  other  buffer  is  filled  with  new  data. 

signal.  The  timer  output  controls  the  multi- 


plexer for  proper  mixing  of  the  digital  and 
camera  video  signals  on  each  horizontal 
scan  line.  The  bypass  mode  allows  the 
video  signal  to  pass  unaltered  to  the  trans- 
mitter in  case  of  a  failure  of  the  digital  sub- 
system. 

The  board  can  be  used  with  any  IBM  PC 
or  compatible  computer  and  can  readily 
be  integrated  with  other  hardware  and 
software.  It  is  normally  in  an  idle  state,  dur- 
ing which  the  experiment  computer  can 
examine  either  of  the  board  buffers  or 
cause  the  board  to  place  a  digital  test  pat- 
tern on  the  video  screen.  When  the  time 
comes  to  send  data,  the  experiment  com- 
puter sends  an  initialization  word  and  a 
command  word  to  the  board.  The  initializa- 
tion word  configures  the  board  for  trans- 
mission; and  after  one  of  two  buffers  has 


been  filled  with  data,  the  command  word 
swaps  buffer  availability. 

The  swap  action  starts  reading  of  the 
newly  acquired  data  in  one  buffer,  and  the 
data  words  are  written  to  a  shift  register. 
The  register  serially  transmits  the  digital 
data  on  a  horizontal  line  scan  at  a 
2.048-MHz  rate.  The  board  can  send  data 
acquired  in  1  second  in  only  thirty-two  six- 
tieths of  a  second.  It  therefore  waits  for  the 
experiment  computer  to  swap  buffers  and 
continue  transmission  into  the  other  buffer. 
The  waiting  periods  prevent  overfilling  of 
the  buffers,  the  subsequent  loss  of  data, 
and  the  loss  of  synchrony  between  digital 
and  camera  data. 

This  work  was  done  by  Thomas  J. 
Collins  III,  William  G.  Crosier,  and  William 
H.  Paloski  of  Technology  Inc.  for  Johnson 
Space  Center.  MSC-21248  /77V 
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Multiple-Feed  Design  for  DSN/SETI  Antenna 

Frequency  bands  are  changed  with  little  interruption  of  operation. 


A  modification  of  the  feedhorn  mounting 
on  an  existing  34-m-diameter  antenna  in 
the  Deep  Space  Network  (DSN)  would  en- 
able the  antenna  to  be  shared  by  the 
Search  for  Extra-Terrestrial  Intelligence 
(SETI)  program  with  minimal  interruption  of 
DSN  spacecraft  tracking.  The  modified  an- 
tenna concept  may  also  be  useful  in  terres- 
trial communication  systems  that  require 
frequent  changes  of  operating  frequen- 
cies. 

Seven  feedhorns,  each  covering  a 
1.4-to-1  frequency  range,  are  required  to 
cover  the  1-  to  10-GHz  frequency  range, 
which  is  of  interest  in  the  SETI  program. 
There  appears  to  be  no  practical  way  to 
mount  all  seven  horns  simultaneously  with- 
out causing  undesirable  asymmetries  in 
the  radiation  pattern  of  the  antenna.  For- 
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tunately,  SETI  plans  call  for  using  only  one 
frequency  band  at  a  time,  perhaps  for 
several  weeks  or  months  continuously. 

For  the  modified  system,  the  feedcone 
would  be  converted  to  a  cylinder  120  in. 
(3.05  m)  in  diameter,  large  enough  to  con- 
tain the  feedcones  in  use  and  to  eliminate 
unnecessary  lengths  of  waveguides.  At 
any  given  time,  one  or  two  out  of  the  seven 
SETI  plug-in  feedhorn-and-waveguide  as- 
semblies would  be  mounted.  The  two  exist- 
ing DSN  feedhorns  and  their  associated 
waveguides  would  be  permanently  mount- 
ed (see  figure). 

Switching  between  DSN  and  SETI  feed- 
horns would  take  only  a  few  minutes.  The 
DSN  and  SETI  feed  systems  would  be  in- 
dependent of  each  other  so  that  modifica- 
tions to  one  would  not  affect  the  other,  an 
important  consideration  in  guaranteeing 
the  operational  integrity  of  the  DSN.  The 
phase  centers  of  all  the  horns  would  be  lo- 
cated on  a  circle  centered  on  the  axis  of 
the  main  reflector  paraboloid.  This  circular 
arrangement  enables  the  use  of  a  rotating 
subreflector  to  switch  from  horn  to  horn 
without  shifting  the  aim  of  the  antenna. 
(Such  a  subreflector  system  has  been 


The  Modified  Feedcone  of  the  Antenna 

would  include  modular  adapter  plates  to 
enable  the  mounting  of  one  or  two  of  seven 
different  SETI  feedhorns  at  one  time  with- 
out interfering  with  two  permanently 
mounted  S-and  X-band  feedhorns  used  for 
DSN.  One  SETI  feedhorn  could  be  in  use 
while  the  second  was  being  installed,  main- 
tained, or  tested. 


used  successfully  in  a  64-m  antenna.) 

Calculations  of  gain  divided  by  system 
noise  temperature,  a  figure  of  merit  show 
that  best  performance  would  occur  at 
3.24  GHz  and  90-degree  antenna  eleva- 
tion. The  expected  degradation  from  that 
level  of  performance  is  less  than  3  dB  for 
each  of  the  seven  feedhorns  at  elevations 
of  20  degrees  or  higher. 

This  work  was  done  by  S.  D.  Slobin  and 
D.  A.  Bathker  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  NPO-16883  fTN 
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Wideband  Digital  Interface  Unit 

Signals  are  converted  from  serial  to  parallel  and  buffered  for  input  to  a  computer. 
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Notes: 

1.  "DMA"  means  "direct  memory  access." 

2.  "ESCR"  means  "external-control-and-status  register.' 

3.  "ROM"  means  "read-only  memory." 

4.  "WCR"  means  "word-count  register." 


5.  "T/R"  means  "trlstate  transceiver." 

6.  "FIFO"  means  "first-in/first-out." 

7.  "CSR"  means  "command-and-status  register.' 

8.  "BAR"  means  "buss-address  register." 


The  Wideband  Digital  Interface  Unit  converts  serial  input  data  bits  to  16-bit  words  and  feeds  them  as  needed  to  a  host  computer. 


A  wideband  interface  unit  (see  figure) 
receives  wideband  signals  containing 
blocks  of  digital  data,  converts  them  to 
16-bit  words,  and  buffers  them  for  input  to 
the  direct-memory-access  (DMA)  port  of  a 
host  computer.  The  principal  novel  fea- 
tures of  the  unit  are  two  very-large-scale- 
integrated  circuits:  (1)  one  that  detects  a 
pseudonoise-code  synchronizing  signal  for 
the  blocks  of  data  and  (2)  a  programmable 
random-access-memory  to  first-in-  first-out 


(RAM-to-FIFO)  converter,  that  buffers  the 
data  and  releases  them  to  the  host  com- 
puter when  that  computer  is  ready  to  re- 
ceive them.  Previously,  many  circuit  chips 
were  required  to  perform  these  functions. 
The  incoming  signal  is  in  blocks  of  4,800 
serial  bits  (300  16-bit  words),  of  which  24 
bits  are  the  synchronizing  pseudonoise 
code.  Once  the  interface  unit  has  found  the 
pseudonoise  code  in  a  given  block,  it  can 
synchronize  and  examine  a  sequence  of 


bits  that  specify  the  format  of  that  block.  If 
the  block-format  code  identifies  the  data  in 
the  remainder  of  the  block  as  filler,  the 
block  is  discarded;  otherwise,  the  16-bit 
status  word  associated  with  processing  is 
appended  to  the  block,  and  the  resulting 
block  of  serial  bits  is  converted  into  301 
16-bit  words  and  loaded  into  the  FIFO  buff- 
er. Any  time  after  the  first  word  has  been 
placed  in  the  FIFO  buffer,  data  can  be 
transferred  to  the  host  computer  via  the 


867 


DMA  adapter. 

There  are  three  operating  modes:  idle, 
command,  and  data  acquisition.  After 
power  is  applied,  the  interface  unit  waits  in 
idle  mode,  until  system  software  issues  a 
command.  When  the  host  computer  is 
ready  to  receive  wideband  data,  it  sends  a 
"reset"  command  followed  by  the  "start" 
command.  The  interface  unit  completes 
the  reset  cycle,  synchronizes  on  the  bits  of 
the  wideband  data,  and  then  starts 
transferring  data  to  the  host  computer  via 
DMA.  The  host  computer  controls  the 
transfer  of  data  via  three  program  in- 
put/output registers  located  in  the  DMA 
adapter. 

Before  bits  can  be  synchronized,  the 
two  correlator  chips  must  be  loaded  with 
the  pseudonoise  code,  the  mask  code,  and 
the  number  of  correlations  needed  for  a 
match.  This  is  done  under  microsequencer 
control.  Data  stored  in  the  read-only  mem- 
ory are  loaded  into  both  correlator  chips 
during  the  reset  cycle.  When  the  starting 
bit  is  received,  the  synchronization  of  bits 
begins. 

Data  are  clocked  into  both  correlator 
chips,  which  continuously  search  the  data 
for  the  synchronization  codes.  Once  such 
a  code  is  detected  and  the  block-format 
code  checked  to  insure  that  the  data  are 
not  filler,  the  input  section  forms  the  16-bit 
words,  loads  them  into  the  FIFO  input  reg- 


ister, and  sends  a  message  stating  that  the 
input  buffer  is  filled.  The  input  section  also 
monitors  the  data  clock.  Should  the  clock 
stop  during  accumulation  of  data  blocks, 
a  "data  clock  timeout  error"  is  posted  in 
the  external-control-and-status  register 
(ECSR),  causing  an  external  interrupt  sig- 
nal, and  the  acquisition  of  data  stops  until 
the  interface  unit  is  reset  by  the  host  com- 
puter. 

The  FIFO  buffer  holds  up  to  13.6  wide- 
band data  blocks.  Should  the  FIFO  buffer 
overflow,  a  "FIFO  overflow"  status  is 
posted  in  the  ECSR,  and  an  external  inter- 
rupt occurs.  The  acquisition  of  data  then 
halts  until  the  interface  is  reset  by  the  host 
computer.  The  FIFO  buffer  is  loaded  at  the 
wideband  input  data  rate  and  unloaded  at 
the  maximum  DMA  transfer  rate.  Once  the 
FIFO  buffer  empties,  the  DMA  rate  is  then 
throttled  by  the  input  data  rate. 

The  control  section  is  a  microsequencer 
that  includes  a  "next-address"  control  unit 
and  an  8-bit  microprogram  sequencer.  The 
sequencer  controls  the  loading  of  the  cor- 
relator chips,  starting  the  serial  data  input 
cycle,  loading  the  FIFO  buffer,  the  posting 
of  errors,  appending  the  contents  of  the 
ECSR  to  the  block  of  data,  and  unloading 
the  FIFO  buffer  to  the  host. 

Synchronized  bits  that  have  been  load- 
ed into  the  FIFO  buffer  are  unloaded  one 
word  at  a  time  and  transferred  directly  to 


the  memory  of  the  host  computer  via  the 
DMA  adapter.  Data  remain  synchronized 
in  blocks  as  long  as  the  301 -word  bounda- 
ries are  maintained.  The  transfer  of  a  block 
can  be  terminated  when  the  word-count  ( 
register  in  the  DMA  adapter  reads  "zero," 
if  this  completion  interrupt  was  previously 
enabled.  The  transfer  of  data  to  the  host 
computer  restarts  when  the  system  soft- 
ware first  clears  bit  10  of  the  control-and- 
status  register  and,  after  clearing  that  bit, 
sets  it  again.  This  "toggling"  of  the  starting 
bit  immediately  starts  DMA  action. 

The  output  registers  are  loaded  with 
data  from  the  FIFO  buffer.  When  the  DMA 
interface  adapter  takes  control  of  the  data 
bus,  the  output  register  transfers  data 
through  the  tristate  transceivers  to  the 
DMA  adapter. 

This  work  was  done  by  William  M. 
Baltau  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  For  further  information, 
Circle  34  on  the  TSP  Request  Card. 
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Interfaces 


The  "microstructure"  of  the  interface  between  a  thin  film  and  a  bulk 
material  is  of  extreme  importance  to  the  semiconductor  industry 
because  it  often  controls  the  electrical  behavior  of  a  semiconductor 
device.     It  is  difficult  to  measure,  however:  surface  science  techniques 
can  only  probe  a  solid  interface  destructively,  by  digging  down  to  it. 
With  more  penetrating  probes,  the  information  from  the  interface  is 
lost  in  the  mass  of  responses  from  the  bulk  material.     Now  researchers 
from  NBS,  the  University  of  Tennessee,  Oak  Ridge  National  Laboratory, 
and  Lawrence  Berkeley  Laboratory  have  tested  a  technique  to  obtain 
greatly  enhanced  responses— up  to  50  times,  so  far— from  thin-film 
interfaces.     The  trick  is  to  make  multilayer  "sandwiches"  of  alternating 
substrate  and  film,  and  use  soft  x-ray  fluorescence,  exciting  the  core 
electrons  of  the  atoms  to  measure  position  and  chemical  species. 
Feasibility  studies  on  an  ultra-high  sensitivity  spectrometer  in  the  NBS 
facility  at  the  National  Synchrotron  Light  Source  (Brookhaven)  used 
silicon  and  carbon  and  could  discern  the  interface  characteristics  of 
films  as  thin  as  3  angstroms. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further, 
contact  Dr.  David  Ederer,  Physics  Bldg.,  Room  A-251,  Gaithersburg, 
MD  20899;  (301)  975-3732. 
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Depolarization-Measuring  Device 

The  knowledge  of  radiation  in  a  lidar  channel  enables  the  determination  of  the  depolarization  ratio. 
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The  Half-Wave  Plate  Is  Rotated  to  introduce  a  known  amount  of  radiation  to  the  perpendicular  channel. 


The  depolarization-measuring  device  is 
used  at  Langley  Research  Center  to  meas- 
ure the  relative  gain  and  the  depolarization 
of  light  in  a  lidar  system.  The  device  rotates 
the  lidar  return  prior  to  detection,  thereby 
introducing  a  known  amount  of  radiation 
into  the  perpendicular  lidar  channel. 
Knowledge  of  the  amount  of  this  radiation 
can  be  readily  interpreted  in  terms  of  the 
relative  optical/electronic  gain  ratio  be- 
tween data  collected  by  the  parallel  and 
perpendicular  channels  and  the  depolari- 
zation that  the  scattering  medium  intro- 
duced into  the  linearly-parallel-polarized  in- 
cident beam. 

The  operation  of  the  device  is  shown 
schematically  in  the  figure.  The  half-wave 
plate  is  positioned  on  a  rotatable  mount. 
When  the  mount  is  rotated  by  angle  0  from 


the  zero  position,  where  it  transmits  a  par- 
allel-polarized beam  without  rotating  it,  the 
electric  field  of  the  beam  is  rotated  by 
angle  20.  It  can  be  easily  shown  that  the 
ratio  of  the  outputs  of  the  detection  system 
is  given  by  the  following  equation,  assum- 
ing that  the  incident  beam  is  linearly  polar- 
ized 
SJS^  =G,{6  +  tan229)IGv  (1  +  d  tan220) 

where  S1  and  S11  are  the  perpendicular 
and  parallel  output  signals,  respectively,  G1 
and  G-h  are  the  optical/electronic  gains 
through  the  perpendicular  and  parallel 
channels,  and  d  is  the  polarization  ratio.  If 
the  backscattering  is  constant  during  the 
experiment  and  measurements  are  taken 
at  two  angles,  the  two  resulting  equations 
can  be  solved  for  the  gain  ratio  GJG^  and 
for  d. 


The  half-wave  plate  can  also  be  put  at 
the  output  of  the  laser,  and  the  polarization 
plane  of  the  laser  rotated  before  it  is  scat- 
tered. The  half-wave  mount  can  be  rotated 
continuously  to  provide  data  continuously 
at  all  angles.  These  data  can  probably  be 
used  to  determine  unique  signatures  for 
different  scattering  media. 

This  work  was  done  by  Jose  M.  Alvarez 
of  Langley  Research  Center.  No  further 
documentation  is  available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center 
Refer  to  LAR-1 3621.  fTN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Naval  Civil  Engineering  Laboratory,  Port  Heuneme,  CA  93043 


Design  Procedures  for  Passive  Solar  Buildings 


NCEL  and  the  Los  Alamos  National  Labo- 
ratory (LANL)  have  investigated  the  ap- 
plicability of  passive  solar  designs  for 
increasing  the  energy  efficiency  of  Navy 
buildings.  The  results  of  this  RDT&E 
program  have  been  incorporated  in  Mili- 
tary Handbook  1003/19:  Design  Proce- 
dures for  Passive  Solar  Buildings,  avail- 
able to  qualified  requesters  form  the 
Naval  Publications  and  Form  Center. 

A  passive  solar  building  is  one  that  de- 
rives a  substantial  part  of  its  heat  from 
the  sun — the  building,  in  effect,  becomes  a 
solar  collector  and  heat  storage  system. 
These  designs  procedures  are  applicable  to 
new  buildings,  large  or  small,  and  to 
retrofit  designs  in  older  buildings. 

The  handbook  provides  three  levels  of 
help  for  designers  of  Navy  buildings. 
First,  to  familiarize  the  reader,  a  general 
disqussion  of  the  basic  concepts  and  prin- 
ciples of  passive  solar  heating  is  pre- 
sented. Then  a  set  of  guidelines  is  pre- 
sented for  preliminary  design  or  for  initial 
screening  of  designs.  These  guidelines 
enable  the  user  to  quickly  define  a  build- 
ing with  cost-effective  performance.  Fi- 
nally, a  quantitative  design-analysis 
procedure  is  presented  in  the  form  of 
worksheets.  These  worksheets  give  an 
accurate  estimate  of  the  auxiliary  heating 
requirements  of  selected  designs. 


Some  of  the  features  of  the  handbook 
include: 

•  Data  for  200  geographical  locations 

•  Data  on  179  passive  solar  designs,  in- 
cluding: 

•  81  direct  gain  systems 

•  18  thermosiphoning  air  panels 

•  42  trombe  walls  (vented  and  un- 
vented) 

•  15  water  wall  systems 

•  12  sunspace  configurations 

•  3  radiant  panel  systems 

•  Seven  reference  degree  day  bases  (40°F 
to  70°F).  This  is  useful  when  the  de- 
signer wishes  to  evaluate  a  building 
having  a  design  temperature  that  may 
be  different  from  the  standard  65°F  (a 
warehouse  for  example). 

•  Nine  reference  contour  maps  of  the  ratio 
of  solar  aperture  area  to  floor  area  are 
given  for  taking  a  quick  look  at  the  po- 
tential of  passive  solar  design. 

•  Estimates  of  the  summer  cooling  pen- 
alty to  determine  if  the  passive  solar 
design  will  increase  the  summer  air 
conditioning  costs. 

•  Recommendations  for  defensive  cooling 
strategies  if  a  summer  penalty  exists. 

•  Estimates  of  effective  heat  capacity  of 
thermal  storage  walls. 


This  article  is  reprinted  from  the  August  issue 
of  Tech  Notes,  it  was  unreadable. 
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•  Adjustments  for  off-south  orientation. 

•  Sizing  of  shading  devices. 

•  Calculations  of  monthly  and  annual  per- 
formance. 

•  Sizing  of  backup  heating  systems. 

The  handbook  has  expanded  the  knowl- 
edge base  for  passive  solar  design  in  three 
important  areas: 

•  The  LANL  solar  load  ratio  method  was 
modified  so  that  yearly  performance 
instead  of  monthly  performance  could 
be  calculated  with  no  loss  in  accuracy. 
This  saves  time  in  the  calculation  proc- 
ess. Monthly  performance  can  also  be 
evaluated  if  desired. 

•  New  correlations  were  developed  for  8- 
inch  concrete  block  storage  walls,  ther- 
mosiphon  air  panels,  and  metal  radiant 
panels.  These  correlations  were  not 
previously  available. 

•  The  handbook  contains  methods  for 
using  nighttime  set-back  controls  for 
HVAC  equipment. 


Potential  users  of  passive  solar  design  are 
urged  to  integrate  the  design  of  the  struc- 
ture with  the  design  of  the  heating  system 
rather  than  design  the  systems  independ- 
ently as  is  frequently  done  with  conven- 
tional construction.  The  Passive  Solar 
handbook  provides  a  means  to  evaluate 
passive  solar  options.  Many  of  the  correla- 
tions developed  for  the  various  passive  ref- 
erence designs  have  been  incorporated  in 
ASHRAE's  manual  Passive  Solar  Heating 
Analysis.  This  technology  transfer  will 
benefit  the  Navy,  since  many  of  its  build- 
ings are  designed  by  civilian  A&E  contrac- 
tors. 


MILITARY  HANDBOOK  1003/19  AVAILABLE 

FROM 

NAVAL  PUBLICATIONS  AN  FORMS  CENTER 

5801  Tabor  Avenue 

Philadelphia,  PA  19120 

Autovon  442-2267  or  Comm  (215)  697-2267 


( 


For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Jerry  Dummer,  Code  L03C 

Facilities  Engineering  Support  Office 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  CA  93043 

(805)  982-4070 

Refer  to  Techdata  sheet  88-02/TN 
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A-LESP  Procedure  For  Cost-Effective  Facility 
Energy   Planning 


The  A-LESP  (Activity-Level  Energy 
System  Planning)  Procedure  is  an 
evaluation  procedure  for  rapidly 
identifying  and  evaluating  up 
to  67  energy  conservation  options. 


This  IDS  is  intended  for  Activity  En- 
ergy Officers,  Engineers,  Planners  and  Man- 
agers with  responsibility  for  reducing  utility 
costs.  The  A-LESP  Procedure  is  an  effort  to 
identify  an  activity's  promising  energy  op- 
tions. This  planning  tool,  with  its  logical  step- 
by-step  procedures,  is  designed  to  help  un- 
tangle the  many  intertwined  energy  manage- 
ment factors  and  associated  decisions  as 
shown  above.  The  procedure  was  first  devel- 
oped for  hand  calculations.  Now  a  computer- 


ized version  has  been  completed  that  will 
relieve  the  engineer  of  many  hand  calcula- 
tions. This  will  drastically  reduce  the  time 
necessary  to  complete  an  energy  study. 

The  results  of  the  A-LESP  procedure 
are  in  an  easy-to-view  tabular  format  and  can 
be  used  to  develop  an  Activity's  Facility 
Energy  Plan.  The  results  can  also  suggest 
more  intensive  energy  investigations  and  can 
help  verify  estimates  performed  by  independ- 
ent contractors. 


Approved  for  public  release;  distribution  unlimited. 
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A-LESP  PROCEDURE  RESULTS 

The  completed  options  are  ranked 
according  to  their  SIR  value.  The  energy 
engineer  can  easily  see  what  options  should 
be  pursued  first.  Using  the  computer  version, 
the  energy  engineer  can  quickly  change  a 
variable  to  perform  a  sensitivity  analysis. 
Example  report  outputs  from  the  microcom- 
puter version  are  shown  in  Tables  2  and  3. 

Table  2  provides  the  energy  engineer 
with  the  results  of  the  energy  calculations,  as 
well  as  all  variables  used.  Table  3  is  a  typical 
summary  of  some  ECO  and  ES  options  per- 
formed. 

After  using  the  information,  the  reports 
should  be  filed  and  used  later  as  a  benchmark 


for  future  studies.  With  the  computer  version, 
the  energy  engineer  can  archive  the  data  onto 
a  floppy  disk. 

The  A-LESP  procedure  is  fully  devel- 
oped; however  as  new  technologies  are 
proven,  additional  options  will  be  added. 


For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Jerry  Dummer 

Code  L03C 

Facilities  Engineering  Support  Office 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  CA  93043 

(805)982-4070 

Refer  to  Techdata  sheet  88-12/TN 
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Technology  Application 


Sandia  National  Laboratory 

New  Battery  Designed  for  Short,  One-Time  Energy 
Burst 


Scientists  at  Sandia  National  Laboratories  have 
invented  a  radically  different  battery  that  is  activated 
almost  instantaneously  by  a  shock  wave  generated  by- 
mechanical  impulse  or  a  small  explosive  charge. 

At  the  heart  of  the  device  is  an  inert  electrochemical 
electrolyte  similar  to  that^used  in  a  thermal  battery — a 
device  widely  studied  at  Sandia  and  used  in  ordnance 
systems.  Such  thermal  batteries  remain  chemically  inert 
until  they  are  activated  by  heat  pulses  to  provide  a  short, 
one-time  burst  of  electrical  energy.  They  have  the  advan- 
tage of  shelf  lives  of  20  years  or  more,  a  characteristic  not 
shared  by  simple  galvanic  and  acid  batteries  such  as 
those  used  in  flashlights  and  automobile  ignition 
systems. 

Until  the  shock  activation  concept  was  developed,  a 
limitation  of  thermal  batteries  was  the  speed — measured 
in  seconds — required  to  activate  them  with  a  chemi- 
cal heat  source.  The  new  Sandia  innovation  means  that 
similar  batteries  can  be  developed  for  use  where  extremely 
rapid  startup  times — measured  in  millionths  of  a 
second — are  needed. 

Promises  a  longer  pulse 

Other  shock -activated  power  sources  have  been  iden- 
tified in  prior  research,  but  have  had  the  disadvantages 
of  low  energy  density  and  very  short  pulse  duration, 
explains  Robert  A.  Graham,  a  physicist  in  Sandia's 
Shock  Wave  and  Explosive  Physics  Division. 

The  concept  has  been  proven  in  the  laboratory,  but 
devices  suitable  for  use  in  actual  ordnance  systems  have 
yet  to  be  engineered. 

Experiments  with  the  current  design  have  produced 
electrical  pulses  lasting  nearly  one  second.  Researchers 
believe  this  time  period  could  be  greatly  extended  for  the 
shock-activated  batteries.  "Lengthening  the  pulse  is  very 
useful  because  power  has  to  be  available  at  the  time  you 
need  it."  explains  Graham.  "If  you  have  a  surge  of  only 
microseconds,  you  have  to  put  it  to  work  under  very 
restrictive  conditions." 

Graham  and  his  supervisor  Bruno  Morosin  began 
work  on  shock-initiated  thermal  batteries  nearly  2  years 
ago.  and  now  are  listed  along  with  Sandian  William  B. 
Benedick  as  co-inventors  on  a  patent  application  that 
has  grown  out  of  a  6-year  project.  The  work  to  look  at  the 
chemistry  of  solid  state  materials  under  shock  came 
together  with  research  on  thermal  batteries  somewhat 
unexpectedly,  as  the  result  of  investigations  into  the 
chemistry  of  electrolytic  materials. 

"Previously,  we  considered  the  study  of  materials 
under  shock  from  the  point  of  view  of  physics.  We  forgot 
to  consider  the  chemistry,"  says  Graham.  "Once  we  real- 
ized we  had  something,  we  moved  quickly  to  understand 

•l"  ShockW... 

Shaping   Mater 


Shock  wave  deforms /melts  electrolyte 

In  the  laboratory,  Graham  and  colleagues  applied 
carefully  controlled  shock  pulses  to  a  specially  config- 
ured electrochemical  cell  and  measured  the  resulting 
current.  In  these  experiments,  a  solid  electrolyte  was 
sandwiched  between  anode  and  cathode  and  subjected  to 
a  planar  shock  pulse  initiated  by  the  detonation  of  a 
small  charge  of  high  explosive.  In  its  solid  state,  the 
electrolyte  is  incapable  of  supporting  the  exchange  of 
ions  that  typifies  the  chemical  reaction  of  a  storage 
battery.  In  these  experiments,  however,  the  shock  wave 
deforms  and  melts  the  electrolyte,  permitting  current  to 
flow  through. 

A  potassium  chloride-lithium  chloride  solid  eutectic 
electrolyte  was  used  in  the  experiments.  (A  eutectic  is  an 
alloy  of  two  substances  that  undergoes  melting  and 
freezing  at  a  temperature  that  is  lower  than  either  of  the 
two  substances.)  The  electrochemical  cell  included  a 
lithium-silicon  alloy  anode  and  a  cathodic  mixture  of 
iron  sulfide,  the  eutectic,  and  inert  silicon  dioxide.  The 
cell  remained  inactive  until  shock  pressure  caused  the 
electrolyte  to  melt. 

Computer-predicted  responses  of  shock  pressure  and 
temperature  with  different  densities  of  electrolyte,  car- 
ried out  with  David  Webb  (recently  retired  from  Sandia) 
and  Lee  Davison  of  the  Labs'  Solid  Dynamics  Depart- 
ment, helped  the  research  team  to  determine  the  shock- 
wave  conditions  needed  to  generate  power  with  the  new 
source.  This  is  the  continuing  direction  of  research. 
Graham  said:  "We  need  to  understand  electrochemistry 
under  high  pressure  shock-wave  loading." 

Prototypes  being  designed  now 

This  study  will  help  engineers  and  scientists 
involved  with  battery  and  shock  component  technology 
determine  the  feasibility  of  building  a  thermal  battery 
capable  of  near-instant  activation. 

Applications,  other  than  for  ordnance,  could  include 
energizing  measuring  instruments  or  mechanical  devices 
on  a  near-instantaneous  basis.  Impact  events,  with  their 
resultant  shocks,  could  actuate  electrical  current  for  a 
variety  of  uses,  possibly  without  the  need  for  additional 
pressure  sensors. 

The  battery  could  also  prove  useful  in  emergency 
situations,  say  for  aerospace  programs,  where  long  shelf 
life  battery  power  may  be  required  on  a  critical  timing 
basis.  "It's  so  radically  different,  other  potential  uses  are 
still  being  conceived,"  Graham  says. 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  23,  No.  3 
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Formula  for  Evaluation 
of  Nickel/Hydrogen  Cells 

Theoretical  and  empirical 
results  are  well  correlated. 

Part  of  the  standard  practice  for  the 
evaluation  of  a  battery  or  group  of  electro- 
chemical cells  is  to  display  complete  dis- 
charge curves  that  show  the  changes  in 
the  behavior  of  each  cell  during  its  life  as 
well  as  the  differences  among  the  cells. 
Changes  associated  with  the  discharge 
curves  give  insight  to  the  gross  properties 
of  the  cells.  However,  when  many  cells  are 
being  investigated,  the  data-processing 
and  trend-analysis  procedures  become 
unmanageable  without  suitable  mathe- 
matical techniques.  An  equation  that  de- 
scribes the  various  characteristics  of  the 
discharge  shape  would  make  it  possible  to 
assign  definitive  attributes  to  the  discharge 


curve.  This  reduces  the  quantity  of  infor- 
mation to  be  assimilated  to  a  manageable 
amount,  and  it  allows  the  use  of  other 
mathematical  procedures  to  elucidate  fur- 
ther the  changes  in  the  curves. 

To  achieve  these  results,  an  equation 
has  been  developed  to  give  a  quantitative 
relationship  among  the  voltage-versus- 
time  discharge  curves.  This  equation 
quantifies  the  initial  exponential  voltage  de- 
cay, the  rate  of  decay  of  voltage,  the  overall 
voltage  shift  of  the  curve,  and  the  total 
capacity  of  the  cell  at  the  given  discharge 
current.  The  equation  has  been  applied  to 
11  nickel/hydrogen  boilerplate  cells  that 
have  been  cycled  to  an  80-percent  depth 


of  discharge,  and  the  results  of  the  equa- 
tion correlate  well  with  the  empirical 
results. 

This  work  was  done  by  Harold  F. 
Leibecki  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-88803  [N86-31680/NSP],  "A  Mathe- 
matical Approach  for  Evaluating  Nickel/ 
Hydrogen  Cells. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
LEW-14537[AQ2] 
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880  Dovetail  Rotor  Construction  for  Permanent-Magnet  Motors  —  Rotor/ 
stator-gap  and  eddy-current  losses  are  reduced.  (Licensing  Opportunity) 

881  Impingement  of  Rocket  Exhaust  —  A  computer  program  calculates  forces, 
heating  and  contamination. 

882  Improved  Zirconia  Oxygen-Separation  Cell  —  The  cell  structure  distrib- 
utes feed  gas  more  evenly  for  more  efficient  oxygen  production.  (Licens- 
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883  Long-Lived  Glass  Mirrors  for  Outer  Space  —  Design  criteria  for  these 
mirrors  re  more  stringent  than  for  terrestrial  mirrors. 

884  Low-Heat-Transfer  Tank  Mount  —  A  supporting  element  adapts  to  high  or 
low  side  loads.  (Licensing  Opportunity) 

885  Multitemperature  Cryogenic  Radiative  Cooler  —  Multiple  radiator  stages 
separated  by  V-groove  shields  protect  a  main  cooler  from  parasitic  heat 
radiation  and  offer  usable  cooling  themselves. 

886  Simplified  Drag  Analysis  for  Nozzles  —  Measurements,  graphs,  and 
calculations  are  combined  to  give  realistic  and  convenient  estimates. 

Testing  &  Instrumentation 

887  Optical  Detection  of  Cryogenic  Leaks  —  A  conceptual  system  would 
identify  leakage  without  requiring  shutdown  for  testing. 

888  Photochromic  Polyaphrons  for  Visualization  of  Flow  —  Drops  of  ultravio- 
let-activated dyes  encapsulated  in  liquid  films  would  reveal  flow  patterns. 
(Licensing  Opportunity) 

Other  Items  of  Interest 

870      Design  Procedures  for  Passive  Solar  Buildings 

904      Wood  Handbook:  Wood  as  an  Engineering  Material 

91 0      Rust  Inhibitor  and  Fungicide  for  Cooling  Systems  —  A  mixture  of  benzot- 
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US  Army  Corps  of  Engineers 

Cold  Regions  Research  &  Engineering  Laboratory 

Hanover,  NH  03755 

Cold  Applied  Roof  Coatings 


PROBLEM 

Replacement  of  built-up  roofs  that  have  suffered  natural  deterioration 
is  an  expensive  proposition.     It  costs  about  $3/ft2  to  replace  such  a 
roof,   with  the  hope  that  the  replacement  will  last  20  years.     Means 
for  prolonging  the  lives  of  existing  built-up  roofs  are  needed. 

SOLUTION 


In  recent  years  contractors  and  building  owners  have  looked  to  cold 
coatings  as  a  maintenance  technique  for  built-up  roofs.     Coatings, 
which  cost  less  thatn  $l/ft2,  have  been  known  to  last   10  years. 

When  applied  properly,   in  suitable  situations,  these  materials  have  an 
excellent  record.     But  over  their  60-year  history  many  failures  have 
resulted  because  roofs  that  should  have  been  torn  off  or  roofs  that 
had  hidden  problems  were  coated.     However,  now  that  there  are 
nondestructive  means  for  accurately  locating  roof  problems  much  of 
the  guesswork  as  to  the  suitability  of  using  a  coating  is  eliminated. 
Thus  more  consideration  should  be  given  to  using  these  materials. 

RESULTS 


A  study  that  established  the  value  of  cold  coatings  was  completed  by 
CRREL  in  1984.     A  22-year-old  roof  at  Ft.  Devens  was  subsequently 
coated  with  a  solvent-based  resaturant  at  a  cost  of  $0.74/ft2  in 
June   1986,  successfully  demonstrating  the  concept  for  life  extension 
of  existing  roofs.     Tests  of  membrane  samples  taken  from  the  Ft. 
Devens  roof  in  1987  indicate  that  the  aging  process  of  the  roof  may 
have  been  slowed  somewhat  since  the  roof  was  coated  in  1986. 
Additional  samples  will  be  taken  in  1988  to  confirm  this  trend.     One 
roof  at  Stewart  Army  Subpost  was  coated  with  a  solvent-based 
resaturant  in   1987.     Samples  will  be  analyzed  from  it  also. 

CONTACT 

Charles  Korhonen 

US  Army  Corps  of  Engineers 
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Concrete  and  Masonry  Building  Repairs 


PROBLEM 

Repairs  made  and  coatings  applied  to  concrete  and  masonry  buildings 
in  the  cold  regions  have  not  always  lasted  as  long  as  desired.    They 
sometimes  fail  shortly  after  application.     Studies  have  shown  that  water 
vapor  condensation  behind  or  within  walls  has  been  a  primary  cause  for 
coating  failures.     This  moisture  has  not  only  caused  coatings  to  crack  and 
peel  but  has  led  to  frost  damage  as  well.    Thus,  coatings  and  repairs  have 
sometimes  created  problems  bigger  than  they  were  intended  to  fix. 
Little  guidance  is  available  on  selecting  repair  materials  for  cold  regions. 

SOLUTION 


A  myriad  of  coatings  and  repair  materials  are  currently  available  and 
more  are  being  produced  every  day.     Laboratory  studies  to  evaluate  all 
these  materials  would  be  extremely  laborious.     Instead,  an  overview 
study  of  buildings  in  cold  regions  using  some  of  these  materials  could 
single  out  those  with  the  best  performance.     Lab  studies  of  those  selected 
could  then  suggest  the  characteristics  most  suited  for  cold  regions  coating 
and  repair  materials. 

RESULTS 


The  exteriors  of  151   concrete  and  masonry  walls  in  Alaska  were  examined 
for  deterioration.     Evidence  of  moisture  buildup  and  associated  damage 
was  observed  for  some  coatings  whereas  other  coatings  indicated  good 
performance.     Lab  studies  of  these  coatings  showed  varying  degrees  of 
"breathability"  to  water  vapor.     A  report  of  the  field  and  lab  studies  has 
been  drafted.     The  goal  of  this  work  is  to  develop  guidance  on  the  proper 
use  of  and  specifications  for  repairs  and  coatings  for  concrete  and  masonry 
buildings  in  the  cold  regions. 

CONTACT 


Charles  Korhonen 
603-646-4438 

US  Army  Corps  of  Engineers 
Cold  Regions  Research  & 
Engineering  Laboratory 
72  Lyme  Rd 
Hanover,  NH  03755-1290 
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Effect  of  Cold  Environment  on  Construction  and 
Repair  Activities 


PROBLEM 

A  need  exists  to  estimate  or  predict  the  influence  of  a  cold  environment 
on  the  efficiency  of  people  and  equipment  performing  tasks  in  cold 
weather. 

SOLUTION 


In  the  absence  of  actual  field  test  data,  results  from  various  surveys 
from  the  construction  industry  and  the  military  have  been  analyzed. 
From  this  information,  a  "cold  environment  factor"  scheme  has  been 
developed.     This  factor,  which  is  the  inverse  of  efficiency,  indicates 
the  value  by  which  an  effort,   in  terms  of  time  required  under  ideal 
weather  conditions,  has  to  be  multiplied  to  estimate  the  expected 
effort  in  a  particular  weather  condition.     Nomographs  have  been 
constructed  which  show  the  "cold  environment  factors"  for  general 
manual  and  equipment  tasks  at  any  temperature,  wind  speed  and  snow- 
fall condition.     Due  to  the  wide  range  of  efficiency  data  for  any 
particular  task  and  the  similarity  between  the  efficiency  ranges  for 
a  variety  of  tasks,  no  distinction  is  made  between  specific  types  of 
tasks  or  equipment.     Actual  field  tests  are  required  to  determine  if 
and  how  the  "cold  environment  factors"  need  to  be  modified. 

RESULTS 


The  appropriate  "cold  environment  factors"  can  be  introduced  into 
construction  or  repair  schedule  flow  charts  (PERT  diagrams)  to  predict 
how  cold  environment  conditions  would  likely  influence  outdoor  task 
performance  as  well  as  their  effect  on  the  "critical  path"  of  the  task 
procedure. 

CONTACT 

Gunars  Abele 
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Roller-Compacted    Concrete 


PROBLEM 


Roller-compacted  concrete  pavement  (RCCP),  a  construction  technique 
for  placing  rigid  pavement  using  asphalt  paving  equipment  and  methods, 
was  first  used  in  the  Pacific  Northwest.     It  was  pioneered  for  dam 
construction  by  the  Corps  of  Engineers,  and  was  used  at  Ft.  Hood, 
Texas,  in  1983  and  Ft.  Lewis,  Washington,  in  1985.     However,  the 
performance  of  this  "new"  construction  material  under  field  freeze- 
thaw  conditions  is  still  unknown. 

SOLUTION 


CRREL  constructed  six  instrumented  RCCP  test  sections  and  two 
standard  PCC  control  sections  in  October  1984  in  their  controlled  environ- 
ment pavement  test  facility.     The  eight  8-  x  20-ft  sections  have  been  sub- 
jected to  200  freeze-thaw  cycles;  additional  severe  moisture  regime  tests 
were  begun  in  November   1987. 

On  29  October  1986  CRREL  installed  temperature  instrumentation  in 
an  18-in. -thick  RCCP  at  a  containerized  shipping  terminal  at  Conley 
Pier,  Boston  Harbor,  owned  by  the  Massachusetts  Port  Authority  and 
is  monitoring  its  freeze-thaw  performance. 

RESULTS 

Tests  conducted  after  200  freeze-thaw  cycles  showed  no  change  or 
degradation.     The  MASSPORT  RCCP  at  Conley  terminal  is  being 
monitored  to  determine  its  field  performance  under  real-world 
conditions. 

CONTACT 

Robert  Eaton 
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New  Firefighting  Ensemble  is  Available 


Augmenting  current 

shipboard-firefighting  equip- 
ment, new  state-of-the-art 
protective  clothing  is  now 
available.  Developed  by  Naval 
Sea  Systems  Command 
(NAVSEA)  and  the  Naval 
Clothing  and  Textile  Research 
Center,  the  new  gear  greatly 
increases  the  protection  of  fire- 
fighters from  injury  caused  by 
exposure  to  heat,  cold,  steam, 
water,  sharp  or  falling  objects, 
dirt,  and  debris. 

Each  firefighting  ensemble  is 
preassembled  and  stored  in  a 
canvas  storage  bag,  which  is  kept 
in  or  near  a  repair  locker.  The 
new  ensemble's  components  are: 

•  One-piece  coverall  intended 
to  protect  the  firefighter  from 
short  exposure  to  flame,  flash, 
dripping  hot  water,  heat,and  cold. 
The  coverall  has  a  tough  outer 
shell,  vapor  barrier,  and  an  inner 
fire-retardant  thermal  liner. 
Knees,  bottoms  of  thigh  pockets, 
and  bottoms  of  legs  are  reinforced 
with  leather  padding.  The  cover- 
all has  reflective  markings 
around  the  upper  arms,  lower 


legs,  and  torso  to  highlight  the 
outline  of  the  firefighter  in 
darkness. 

•  Temperature-resistant  hel- 
met has  reflective  markings  with 
earflaps,  face  shield,  chinstrap, 
and  adjustable  suspension  to  pro- 
tect the  head,  face,  and  neck  from 
heat,  flame,  and  falling  objects. 

•  Hood  covers  the  head,  neck, 
shoulders,  and  part  of  the  upper 
torso  to  provide  overlapping  flash 
protection  between  the  helmet 
and  coverall. 

•  Short,  gauntlet-style  gloves 
protect  hands  and  wrists  from 
abrasions,  flame,  flash,  heat,  and 
cold.  The  outer  layer  of  the 
gloves  is  leather  with  a  fire- 
retardant  inner  layer. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
CodeE211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130202/TN 
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Door  Opens  Four  Ways 

A  concept  is  based  on  poppable  hinges. 


A  proposed  hinge  system  would  allow  a 
door  to  swing  open  on  any  of  its  four  edges. 
The  proposed  system  consists  of  four  sep- 
arable ball  joints  that  resemble  "pop-it" 
beads,  one  at  each  corner  of  the  door  (see 
figure).  Made  of  molded  plastic,  the  joints 
would  be  cheap  to  make  and  install. 

The  socket  part  of  a  hinge  would  be  at- 
tached to  the  door  frame  and  the  plug  part 
to  the  door.  When  one  edge  of  the  door  is 
pulled,  the  joints  at  that  edge  would  pop 
apart,  and  the  door  would  swing  open  on 
the  intact  joints  on  the  opposite  edge. 
Pushing  the  door  shut  would  re-engage  the 
separated  plugs  and  sockets,  and  the  door 
could  then  immediately  be  swung  open  on 
any  other  edge.  The  entire  door  could  be 
popped  off  when  full  access  to  the  door 
opening  is  needed.  A  four-arm  deadlock, 
like  that  on  a  garage  door,  could  be  used  to 
prevent  the  door  from  being  opened. 

For  heavy  doors,  stiff  plugs  and  socket 
stems  could  be  used.  The  plugs  and  soc- 
kets could  be  engaged  and  disengaged 
with  latching  handles,  which  would  provide 
the  required  leverage. 

This  work  was  done  by  Andrew  D. 
Morrison  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  NPO-16801/TN 


Socket 


Plug 
(Ball) 


Four  Separable  Ball  Joints,  one  of  which  is  shown,  join  a  door  to  its  frame.  The  socket  and 
plug  members  can  be  disengaged  and  re-engaged  readily. 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Dovetail  Rotor  Construction  for  Permanent-Magnet  Motors 

Rotor/stator-gap  and  eddy-current  losses  are  reduced. 


Wedge-Shaped 
Magnets 


Dovetailed 
Pole  Pieces 


SECTION  AA 


Segments 


^y/AWA^! 


^n 


a 


NEW  ROTOR 


Sleeve 


Electron-Beam 
Weld 
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Dovetailed  With  Pole  Pieces,  rare-earth  magnets  are  securely  held  on  a  rotor.  Pole  pieces  are 
segmented  for  ease  in  welding.  In  an  older  construction,  a  metal  sleeve  retained  the  pole 
pieces  and  magnets. 


A  new  way  of  mounting  magnets  in 
permanent-magnet,  electronically  corn- 
mutated,  brushless  dc  motors  makes  it 
possible  to  exploit  the  high  torque  and  fast 
response  characteristic  of  rare-earth- 
magnet  motors.  In  the  new  mounting 
scheme,  the  magnets  are  wedge  shaped, 
tapering  toward  the  center  of  the  rotor.  Op- 
positely tapered  pole  pieces,  electron- 
beam  welded  to  the  rotor  hub,  retain  the 
magnets  against  the  centrifugal  force  gen- 
erated by  the  spinning  rotor  (see  figure).  To 
avoid  excessively  long  electron-beam 
welds,  the  pole  pieces  are  assembled  in 
segments  rather  than  as  single  long  bars. 

Previously,  the  magnets  were  retained 
by  a  metal  sleeve  around  the  rotor.  How- 
ever, the  sleeve  increased  the  effective 
gap  between  the  rotor  and  the  stator  and 
provided  a  conductive  path  for  eddy  cur- 
rents. Both  effects  reduced  the  efficiency 
of  the  motor.  Although  using  a  nonconduc- 
tive  material  such  as  a  fiber-reinforced 
composite  would  eliminate  the  eddy  cur- 
rents, the  relatively  large  gap  would  still  ex- 
ist. The  new  mounting  method  does  not  in- 
troduce either  of  these  sources  of  energy 
loss. 

This  work  was  done  by  Lawrence  J. 
Kintz,  Jr.,  and  William  J.  Puskas  of  Sund- 
strand  Corp.  for  Johnson  Space  Center 
No  further  documentation  is  available. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National  Aero- 
nautics and  Space  Act  [42  U.S.C  2457(f)], 
to  the  Sundstrand  Energy  Systems.  In- 
quiries concerning  licenses  for  its  com- 
mercial development  should  be  addressed 
to 

Sundstrand  Energy  Systems 

4747  Harrison  Ave. 

Rockford,  IL  61125-7002 

Refer  to  MSC-20942./TN 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization  Patent  Counsel 

Officer  Dean  C  Glenn  Edward  K  Fein 

Mail  Code  EA4  Mail  Code  AL3 

Houston,  TX  77058  Houston.  TX  77058 

(713)483-3809  (713)483-4871 
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Impingement  of 
Rocket  Exhaust 

A  computer  program 
calculates  forces,  heating, 
and  contamination. 

A  report  presents  the  theoretical  basis 
of  the  Source  Flow  Impingement  Program 
(SFPLIMP),  a  computer  program  that  ana- 
lyzes the  impingement  of  exhaust  from 
several  rocket  engines  on  nearby  surfaces 
in  a  vacuum.  SFPLIMP  is  designed  to  cal- 
culate quickly  the  undesired  forces,  heat- 
ing, and  contamination  caused  by  firing 
attitude-control  jets  toward  other  surfaces 
of  a  controlled  spacecraft. 

To  standardize  the  numerical  integration 
and  facilitate  changes  in  the  configuration  of 
the  rocket  engines  and  the  target  surfaces 
to  be  analyzed,  the  target  surfaces  are 
represented  by  a  simplified  geometrical 
model  comprising  simple  subshapes  in- 
cluding right  triangles,  rectangles,  circles, 
circular  cones,  circular  cylinders,  spheres, 
and  polynomials  of  revolution.  Each  sub- 
shape  surface  is  divided  into  small  areas 
(integration  elements).  With  the  help  of 
three  interrelated  coordinate  systems,  the 
orientation  of  each  element  with  respect  to 
the  local  flow  field  is  determined,  and  the 
local  properties  of  the  flow  field  and  its  im- 
pingement on  the  element  are  calculated. 

The  limiting  angle  of  divergence  of  the 
flow  from  a  rocket  nozzle  is  calculated 
from  the  Prandtl-Meyer  expansion  func- 
tion, which  expresses  this  angle  as  a  func- 
tion of  the  nozzle-exit  mach  number,  the 


angle  of  divergence  of  the  nozzle,  and  the 
ratio  of  specific  heats  of  the  exhaust  gas. 
The  mach  number  is  obtained  from  an- 
other equation  that  involves  the  throat  and 
exit  cross-sectional  areas  of  the  nozzle  and 
the  ratio  of  specific  heats. 

In  the  flow  field,  the  exhaust  is  treated  as 
moving  radially  outward  from  a  point  in  the 
nozzle.  The  flow  field  is  divided  into  three 
regions,  in  each  of  which  the  impingement 
on  a  target  surface  is  modeled  differently:  a 
high-density  continuum  region  near  the 
nozzle  (where  the  molecular  mean  free 
path  is  less  than  a  tenth  of  a  characteristic 
length  of  the  region),  an  intermediate-den- 
sity transition  region  (molecular  mean  free 
path  from  one-tenth  to  ten  times  a  charac- 
teristic length),  and  a  far-field  free-molec- 
ular region  (molecular  mean  free  path 
greater  than  ten  times  a  characteristic 
length). 

The  forces  and  moments  due  to  im- 
pingement are  calculated  by  direct  inte- 
gration of  the  flow  pressure  on  each  ele- 
ment of  each  subshape.  The  impinging 
flow  is  assumed  to  turn  parallel  to  the  sur- 
face. Free-molecular  coefficients  of  pres- 
sure and  shear  model  the  forces  of  im- 
pingement in  the  far  field.  An  empirical 
equation  smoothes  the  transition  between 
the  free-molecular  and  continuum  regions. 


In  the  continuum  region,  normal-  and 
oblique-shock  formulations  are  incorpo- 
rated into  SFPLIMP  to  model  the  shock  ad- 
jacent to  the  surface.  Both  the  density  and 
velocity  of  the  unperturbed  flow  are  ex- 
pressed as  products  of  radius-  and  angle- 
dependent  functions  obtained  by  interpola- 
tion in  tables  of  data  that  originated  in  a 
more  sophisticated  analysis  of  the  contin- 
uum flows  from  reaction-control-thrustor 
rockets.  The  dynamic  pressure  is  comput- 
ed from  the  density  and  velocity  and  used 
to  compute  the  force  of  impingement  on 
each  subshape. 

In  the  continuum  region,  convective 
laminar  and  turbulent  boundary-layer  heat- 
ing rates  are  computed  for  each  surface 
element.  In  the  far  field,  molecular  energy 
fluxes  are  used  to  calculate  net  heating 
rates.  A  surface  is  assumed  to  be  contami- 
nated by  a  constituent  of  the  exhaust  when 
the  partial  pressure  of  that  constituent  is 
greater  than  its  critical  vapor  pressure 
when  the  rate  of  its  impingement  on  the 
surface  exceeds  its  rate  of  evaporation 
from  the  surface. 

This  work  was  done  by  Bret  G.  Drake 
and  Kenneth  S.  Leahy  of  McDonnell 
Douglas  Corp.  for  Johnson  Space  Cen- 
ter. "Plume  impingement  Analysis," 
MSC-21352/TN 
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Improved  Zirconia  Oxygen-Separation  Cell 

The  cell  structure  distributes  feed  gas  more  evenly  for  more  efficient  oxygen  production. 


A  new  cell  configuration  promises  to 
raise  the  efficiency  of  oxygen  production  in 
solid-electrolyte  zirconia  cells.  The  new 
cell  structure  would  ensure  a  more  uniform 
feed  pressure  over  the  electrolyte  surface. 

Zirconia-membrane  electrolytic  cells 
may  eventually  replace  cryogenic  equip- 
ment in  producing  oxygen  for  such  indus- 
trial applications  as  steel  manufacturing. 
Some  separation  processes  use  refrigera- 
tion that  typically  consumes  large  amounts 
of  electrical  energy  for  liquefying  air  and 
distilling  oxygen  from  it.  The  zirconia  proc- 
ess has  no  moving  parts,  requires  less 
electrical  energy,  and  can  use  waste  heat 


or  coal  to  maintain  the  operating  tempera- 
ture of  375  to  1,200  °C. 

In  the  basic  zirconia  cell,  the  solid- 
electrolyte  membrane  is  an  impervious 
ceramic  disk  composed  of  zirconium  oxide 
and  yttrium  oxide  stabilizer.  Both  faces  of 
the  disk  are  clad  with  a  pervious  layer  of 
platinum  or  other  metal.  A  voltage  is  ap- 
plied to  these  electrodes  while  the  disk  is 
heated  to  the  operating  temperature.  The 
feedstock  (usually  air,  although  such  other 
oxygen-rich  materials  as  sulfur  trioxide  or 
nitrous  oxide  may  be  used)  flows  along  one 
face  of  the  disk.  Under  the  influence  of  the 
electric  field  across  the  disk,  oxygen  ions 


move  through  the  disk  and  emerge  through 
its  opposite  face  as  gaseous  oxygen. 

Until  now,  the  efficiency  of  the  zirconia 
cell  has  been  only  about  2  percent.  How- 
ever, the  cell  efficiency  depends  critically 
on  the  uniformity  of  the  oxygen  partial  pres- 
sure on  the  input  side  of  the  cell.  The  pro- 
posed new  cell  structure  is  expected  to  dis- 
tribute the  feedstock  more  evenly,  thus 
ensuring  a  more  uniform  pressure. 

In  the  new  cell  structure  (see  figure),  im- 
pervious electrodes  form  the  top  and  bot- 
tom layers  of  a  sandwich  composed  of  a 
feedstock  distributor,  porous  ceramic 
spacers,  and  a  zirconia  membrane.  The 
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A  Multilayer  Cell  Structure  containing  passages,  channels,  tubes,  and  pores  will  help  to  distribute  pressure  evenly  over  a  zirconia  electrolytic 
membrane.  The  resulting  more  uniform  pressure  distribution  is  expected  to  improve  the  efficiency  of  oxygen  production. 
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spacers  are  made  of  mixed  metal  oxides 
that  are  electrically  conductive  so  that  they 
can  apply  the  requisite  voltage  to  the  mem- 
brane. The  distributor  is  made  of  a  similar 
material. 

The  distributor  contains  a  central  pas- 
sage with  oblique  channels.  The  channels 
communicate  with  the  adjacent  ceramic 
spacer  through  many  narrow  holes.  The 
porous  ceramic  spacer  contains  a  multi- 
tude of  passageways  that  help  to  distribute 
the  feedstock  more  evenly  to  the  zirconia 
membrane  below  it. 

Oxygen  ions  migrate  through  the  mem- 


brane and,  reconstituted  as  oxygen  atoms 
and  molecules,  enter  the  lower  ceramic 
spacer  and  exit  through  a  port  for  storage 
or  use.  Not  all  the  oxygen  in  the  feedstock 
is  removed  through  the  membrane.  The 
excess  feedstock  passes  from  the  distribu- 
tor to  an  outlet  manifold.  From  the  mani- 
fold, it  may  be  fed  to  other  cells,  exhausted, 
or  recirculated. 

This  work  was  done  by  John  V.  Walsh 
and  James  G.  Zwissler  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National  Aero- 


nautics and  Space  Act  [42  U.S.C  2457(f)], 
to  the  Caltech/JPL.  Inquiries  concerning 
licenses  for  its  commercial  development 
should  be  addressed  to 
Edward  Ansell 

Director  of  Patents  and  Licensing 
California  Institute  of  Technology 
1 207 East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NPO-16161,  /TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Cordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-4849 
Patent  Counsel: 
Paul  F  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr  for  JPL  Norman 
L  Chaltm 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 
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Long-Lived  Glass  Mirrors 
for  Outer  Space 

Design  criteria  for  these 
mirrors  are  more  stringent 
than  for  terrestrial  mirrors. 

A  paper  summarizes  the  available 
knowledge  about  glass  mirrors  for  use  in 
outer  space.  The  paper  draws  on  terrestri- 
al experience  with  glass  mirrors  and  on 
tests  in  space  to  provide  guidance  for  the 
design  of  long-lived  reflectors. 

The  authors  note  that  considerable  ter- 
restrial experience  has  been  gathered 
over  the  past  decade  on  the  fabrication, 
handling,  environmental  exposure,  and 
evaluation  of  glass  mirrors  for  such  appli- 
cations as  solar  power  generation.  The 
strengths  and  weaknesses  of  various 
types  of  first  and  second  reflective  sur- 
faces have  been  identified.  From  this  vast 
technology,  criteria  have  evolved  for  the 
design  and  manufacture  of  long-lived  ter- 
restrial mirrors.  Generally,  the  fabrication 


and  handling  techniques  for  Earth  solar 
mirrors  can  be  used  for  space  mirrors, 
though  additional  technology  will  have  to 
be  developed. 

Second-surface  glass  mirrors  for  use  in 
outer  space  must  be  designed  to  different 
criteria  that  are  more  stringent  than  those 
for  terrestrial  mirrors.  Protons,  electrons, 
cosmic  rays,  meteorites,  and  orbiting 
space  debris  will  affect  the  longevities  of 
the  components.  Contamination  —  a  ma- 
jor consideration  on  Earth  —  may  also  be 
a  factor  in  space  in  many  cases. 

The  primary  source  of  contamination  in 
space  will  be  rocket  plumes.  To  minimize 
problems,  a  surface  coating  should  be 
chosen  to  provide  a  low-energy  surface 
and,  of  course,  to  be  compatible  with 


cleaning  agents.  The  surface  coating 
should  also  reduce  the  effects  of  atomic 
oxygen  and  the  buildup  of  electric  charge. 

Because  debris  in  space  can  damage 
mirrors,  it  is  preferable  to  make  each  mir- 
ror in  many  small  segments  that  can  be 
replaced  individually.  For  a  similar  reason 
and  to  facilitate  construction  and  align- 
ment, segmented  mirrors  are  also  becom- 
ing accepted  for  use  on  Earth. 

777/s  work  was  done  by  Frank  L  Bouquet 
and  Carl  R.  Maag  of  Caltech  and  Philip  M. 
Heggen  of  Energy  General  for  NASA's 
Jet  Propulsion  Laboratory. 
"Design  Considerations  for  Long-Lived 
Mirrors  for  Space,"  NPO-17047/TN 
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Low-Heat-Transfer  Tank  Mount 

A  supporting  element  adapts  to  high  or  low  side  loads. 


Filaments 


A  Passive  Orbital  Disconnect  Strut 
(PODS)  for  a  cryogenic  tank  engages  an 
extra-strong  member  only  during  peak  side 
or  axial  loads  like  those  from  vibrations,  ac- 
celerations, and  shocks.  Most  of  the  time, 
when  the  side  loads  are  low,  support  is  pro- 
vided by  the  lower-strength,  lower-thermal- 
conductance,  passive  disconnect. 

The  strut  provides  primarily  axial  sup- 
port; however,  a  filament  ring  and  collar 
were  added  to  the  end  of  the  strut  to  in- 
crease side-stiffness  (see  figure).  A  bicy- 
cle-spoke arrangement  of  graphite  fila- 
ments is  assembled  between  the  ring  and 
the  collar  with  the  help  of  a  whiffle-tree  set 
of  pulleys,  ball  joints,  and  sliders.  The 


filaments,  which  conduct  little  heat,  resist 
ordinary  side  loads  on  the  strut.  If,  however, 
loads  are  great  enough  to  stretch  the  fila- 
ments elastically,  then  the  collar  presses 
against  the  stem  of  the  strut  and  takes  up 
the  load. 

This  work  was  done  by  R.  T.  Parmleyand 
I.  E.  Spradley  of  Lockheed  Missiles  & 
Space  Co.,  Inc.,  for  Ames  Research  Cen- 
ter. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11779./TN 

Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


Collar 


Ring 


Graphite  Filaments  Arranged  Like  Bicycle 

Spokes  at  the  end  of  the  strut  resist  or- 
dinary side  loads.  The  filaments  transfer 
high  loads  to  the  heavy-duty  member. 
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Multitemperature  Cryogenic  Radiative  Cooler 

Multiple  radiator  stages  separated  by  V-groove  shields  protect  a  main  cooler  from  parasitic  heat 
radiation  and  offer  usable  cooling  themselves. 


A  proposed  cryogenic  radiative  cooler 
would  achieve  lower  temperatures  than 
previously  possible  with  passive  radiators 
in  space.  In  addition,  it  would  provide 
useful  cooling  power  at  several  tempera- 
tures instead  of  just  one.  This  device  might 
be  used  on  many  planned  future  space 
missions  that  carry  infrared  detectors,  or 
other  science  instruments,  which  must  be 
cryogenically  cooled  to  obtain  adequate 
detector  sensitivities. 

The  radiator  would  consist  of  several 
nested  aluminum  pyramids  (see  figure). 
The  innermost  pyramid  is  the  cold  stage  of 
the  radiator  and  would  be  painted  black  on 
its  inner  surface,  allowing  it  to  radiate  heat 
from  an  infrared  detector  or  other  device 
placed  near  the  vertex  of  the  pyramid. 

Surrounding  the  cold  stage  are  two  radi- 
ation shield  assemblies.  Each  shield  as- 
sembly consists  of  two  aluminum  pyra- 
mids, joined  near  their  vertex.  Each  shield 
assembly  protects  the  inwardly  adjacent 


shield  assembly  from  thermal  radiation. 
The  cavities  between  shield  assemblies 
would  have  V-shaped  cross  sections  with 
an  included  angle  of  about  1.5°.  The  side  of 
each  shield  assembly  that  faces  an  adja- 
cent shield  assembly  would  be  coated  with 
a  highly  reflective,  low-emissivity  material 
such  as  vacuum-deposited  gold.  The  out- 
side surfaces  of  each  shield  assembly 
would  thus  intercept  radiation  from  the 
wamer  adjacent  shield  and  reflect  and 
redirect  the  radiation  out  to  space  through 
the  cavity  openings  at  the  wide  end. 

The  shields  would  thus  reduce  the  leak- 
age of  heat  from  the  surrounding  structure, 
enabling  the  cold  stage  to  cool  to  a  lower 
temperature  than  would  be  otherwise 
possible.  Moreover,  each  shield  assembly 
would  act  as  an  intermediate  radiator,  hav- 
ing a  cooling  capacity  of  its  own  at  temper- 
atures between  the  coldest  stage  and  the 
warm  structure.  This  is  achieved  by  either 
the  use  of  a  black  aluminum  plate  at  the  top 


of  each  shield  assembly,  or  by  painting  the 
inside  walls  of  each  shield  assembly  black. 

Fiberglass  bands,  struts,  or  tubes  would 
support  the  shields.  These  low  thermal- 
conductance  structural  members  would 
minimize  conductive  heat  leaks  to  the  radi- 
ator. 

According  to  a  computer  model,  the 
multistage  V-groove  radiator  design  can 
achieve  temperatures  as  low  as  60  K  for 
the  cooling  of  spaceborne  infrared  detec- 
tors with  a  135  K  intermediate  stage  tem- 
perature for  cooling  filters  or  optics,  The 
60  K  cold-stage  temperature  is  15  K  lower 
than  that  of  any  radiative  cooler  that  has 
flown  in  space.  These  temperatures  can 
be  achieved  with  a  reasonably  small  cool- 
er, with  a  450-cm2  cold-stage  area  and  a 
400-cm2  intermediate-stage  area. 

This  work  was  done  by  Steven  Bard  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. NPO-16957/TN 
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The  Cold-Radiator  Stage  is  protected  by  multiple  shield  assemblies  that  intercept  radiation  heat  leaks  from  the  warmer  supporting  structure 
and  redirect  it  out  to  space.  Each  shield  assembly  has  an  effective  cooling  capacity  of  its  own,  enabling  it  to  cool  optical  filters,  for  example. 
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Simplified  Drag  Analysis  for  Nozzles 

Measurements,  graphs  and  calculations  are  combined 
to  give  realistic  and  convenient  estimates. 


A  hybrid  empirical/analytical  method 
gives  a  fast,  fairly  accurate  estimate  of  the 

viscous-flow  loss  caused  by  wall  friction  in 
a  nozzle.  Purely  analytical  assessments,  in 
contrast,  are  inexact;  and  detailed  point- 
by-point  measurements  to  obtain  tempera- 
tures, velocities,  and  densities  are  time 
consuming  and  costly. 

The  hybrid  method  can  be  applied  to  jet- 
expansion  devices  in  turbines,  compres- 
sors, and  a  variety  of  other  equipment.  The 
medium  may  be  liquid,  vapor,  or  gas  mov- 
ing at  speeds  ranging  from  subsonic  to 
supersonic.  The  results  can  be  used  to  pre- 
dict the  performance  of  a  nozzle,  to  deter- 
mine the  effects  of  design  changes,  and  to 
verify  computer  solutions. 

First,  pitot-tube  measurements  are 
made  at  various  distances  from  the  wall  to 
obtain  the  pressure  distribution  in  the 
viscous  boundary  layer  (see  Figure  1). 
Next,  the  pressure  readings  are  converted 
to  mach  numbers,  and  an  analytical  ex- 
pression for  the  mach-number  profile  of 
the  boundary  layer  is  fitted  to  the  mach 
numbers  derived  from  the  pressure  (see 
Figure  2)  by  adjusting  a  shape  factor  (a)  in 
this  expression. 

Other  quantities  that  must  be  measured 
or  calculated  include  the  boundary-layer 
thickness  (d),  the  nozzle  exit  radius  (RJ,  the 
ideal-thrust  coefficient  (C),  the  gas-dyna- 
mic nozzle-throat  area  (A),  the  wall  pres- 
sure (pw),  the  chamber  pressure  (pc),  and 
the  mach  number  at  the  edge  of  the  boun- 
dary layer  (M^).  The  ratio  of  the  drag  loss 
(AT)  to  the  ideal  thrust  (T)  is  then  given  by 
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Figure  1.  Making  a  Pressure  Survey  of  the 

nozzle  is  the  first  step  in  determining  drag. 
The  quantity  p  /pc  is  the  ratio  of  the  pres- 
sure measured^ by  a  pitot  tube  to  the  cham- 
ber pressure.  For  this  graph,  the  gas  is  air, 
and  pr  is  149  lb/in.2  (1.03  MPa). 


This  work  was  done  by  W.  R.  Wagner  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center  MFS-29060  fTN 
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Figure  2.  This  Mach-Number  Profile  is  a 
graph  of  the  ratio  of  squares  of  the  local 
mach  number  (M  )  to  that  at  the  edge  of  the 
boundary  layer  (Mrf),  plotted  against  the 
ratio  of  distance  from  the  wall  (y)  to  the  noz- 
zle exit  radius  (Re).  The  curves  represented 
by  three  different  values  of  the  shape  factor 
(a)  are  fitted  to  the  data  points. 


ATT  =  (2nd-Re2/aCA)(Pw/pc)M 
[1  -exp^-d/RJ 
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Optical  Detection  of  Cryogenic  Leaks 

A  conceptual  system  would  identify  leakage  without  requiring  shutdown  for  testing. 
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The  Fog  Generated  by  a  Leak  of  Cold  Fluid  would  be  detected  via  light  reflected  from  it. 


A  proposed  device  would  detect  and  in- 
dicate leaks  of  cryogenic  liquids  automati- 
cally. The  detector  would  make  it  unneces- 
sary to  shut  the  equipment  down  so  that  it 
can  be  checked  for  leakage  by  soap-bub- 
ble or  helium-detection  methods.  It  would 
not  be  necessary  to  mix  special  gases  or 
other  materials  with  the  cryogenic  liquid 
flowing  through  the  equipment. 

The  leak  detector  would  include  a  laser 
or  other  highly  collimated  bright  source  of 
light  surrounded  by  a  ring  of  photodetec- 
tors  (see  figure).  A  cryogenic  leak  con- 
denses small  drops  of  water  and  ice  in  the 
air  in  its  vicinity.  When  struck  by  the  light 
beam,  the  drops  would  reflect  some  of  the 
light  back  toward  the  source,  though  not 
precisely  along  the  beam  axis.  A  portion  of 
the  reflected  light  would  strike  the  ring  of 
photodetectors. 

This  work  was  done  by  Lynn  M.  Wyett  of 
Rockwell  International  Corp.  for  Marshall 
Space  Right  Center.  No  further  docu- 
mentation is  available.    MFS-29278  /TN 
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Photochromic  Polyaphrons  for  Visualization  of  Row 

Drops  of  ultraviolet-activated  dyes  encapsulated  in  liquid  films  would  reveal  flow  patterns. 


A  proposed  method  for  the  visualization 
of  flow  would  be  nonintrusive  and  could  be 
applied  selectively  to  regions  of  special  in- 
terest. The  method  would  be  particularly 
suitable  for  turbulent  flow. 

The  method  is  based  on  a  visualization 
material  composed  of  polyaphrons  con- 
taining photochromic  dye.  Polyaphrons 
are  droplets  of  organic  liquid  encapsulated 
in  a  thin  layer  of  another  liquid,  which  holds 
the  droplets  stably  by  surface  tension.  The 
photochromic  dye  within  a  polyaphron  ac- 
quires color  temporarily  after  exposure  to 
strong  ultraviolet  light. 

Photochromic  dyes  ordinarily  must  be 
dissolved  in  nonpolar  liquids  and  thus  can- 
not be  used  directly  in  water.  The  few  that 
work  in  water  can  be  activated  only  by  light 
of  very  short  wavelength;  this  is  impractical 
because  such  light  is  absorbed  by  the 
transparent  plastic  housings  used  to  con- 


tain experimental  flows.  These  obstacles 
are  overcome  by  dissolving  a  photochrom- 
ic dye  in  a  nonpolar  solvent  suitable  for 
making  aphrons,  then  encapsulating  the 
solution  in  an  aqueous  shell,  as  in  the  case 
of  ordinary  polyaphrons.  The  resulting 
photochromic  polyaphrons  can  be  used  in 
water  or  other  polar  solvents. 

An  ultraviolet  laser  beam  or  such  a 
beam  expanded  into  a  sheet  would  be 
used  as  a  light  source  to  activate  the  dyes 
in  selected  flow  locations  at  appropriate 
times.  Other,  nonphotochromic,  dyes  can 
be  incorporated  in  the  polyaphrons  to  act 
as  permanent  tracers  or  to  provide  con- 
trast. 

Unlike  ordinary  dyes  and  polyaphrons, 
the  photochromic  polyaphrons  do  not  re- 
quire strategically-located  injection  ports. 
These  polyaphrons  are  always  in  the  flow- 
ing medium  and  need  only  to  be  activated 


by  light  to  become  visible.  The  dyes  in  pho- 
tochromic polyaphrons  dissipate  more 
slowly  than  do  ordinary  dyes.  In  addition, 
unlike  solid  particles,  they  can  be  used  to 
visualize  flow  around  rolling-  or  sliding-con- 
tact  surfaces. 

This  work  was  done  by  M.  R. 
Subbaraman  and  B.  J.  Ostermier  of  Rock- 
well International  Corp.  for  Marshall 
Space  Right  Center.  No  further  docu- 
mentation is  available. 
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&EPA      Project  Summary 

EPA  Complex  Terrain  Model   Development:   Final 
Report 


The  Complex  Terrain  Model 
Development  (CTMD)  project  has  met 
its  original  objectives  of  producing 
an  atmospheric  dispersion  model 
appropriate  for  regulatory  application 
to  elevated  sources  of  air  pollutants 
located  in  complex  terrain.  The 
model  development  effort  has 
focused  on  predicting  con- 
centrations during  stable  atmos- 
pheric conditions. 

Introduction 

The  CTMD  program  was  initiated  by 
EPA  in  response  to  long-standing 
controversies  in  the  technical  and 
regulatory  communities  over  the  lack  of 
reliable  methods  for  predicting  air  quality 
concentrations  in  regions  of  mountainous 
or  complex  terrain.  Of  particular  concern 
was  the  absence  of  a  verified  dispersion 
model  for  predicting  ambient  air 
concentrations  during  stable  atmospheric 
conditions,  the  conditions  expected  to 
give  rise  to  the  highest  short-term 
concentrations. 

The  components  of  the  CTMD 
program  and  the  progress  made  are 
well-detailed  and  documented  in  a 
number  of  reports.  In  particular,  five 
Milestone  Reports  were  written  during 
the  course  of  the  program  which 
describe  in  detail  the  model  development 
efforts,  the  field  experiments,  the  data 
gathering  and  interpretation  efforts,  and 
the  model  evaluation  efforts  performed 
during  the  course  of  this  program. 

This  report  describes  a  refined  model, 
the  Complex  Terrain  Dispersion  Model 
(CTDM)  that  was  developed  during  the 
CTMD  program.  Comparisons  of 
model. predictions  with  observations  at 
five  complex  terrain  sites  are  presented 
for  CTDM  and  complex  terrain  screening 
models.  Results  of  a  sensitivity  analysis 
of  CTDM  are  discussed.  Finally,  the 
limitations  of  CTDM,  project  conclusion 
remarks,  and  recommendations  for 
further  research  are  presented. 

Conclusions 

The  Complex  Terrain  Model 
Development  program  objectives  have 
been    met.    The    Complex    Terrain 


Dispersion  Model,  CTDM,  is  the  primary 
product  of  the  effort.  This  model  displays 
considerable  improvement  over  the 
models  that  EPA  has  been  using  in 
regulatory  practice,  especially  on  an 
event-by-event  basis.  It  also  shows 
improved  performance  over  RTDM,  a 
model  EPA  is  adopting  as  a  third-  level 
screening  model  and  which  benefited 
from  the  early  findings  of  the  CTMD 
program  on  the  importance  of  the 
dividing  streamline  concept  to 
understanding  stable  flows. 

CTDM  is  an  improved  and  versatile 
refined  air  quality  model  for  use  with 
elevated  point  sources  in  high  terrain 
settings  during  stable  conditions.  Its 
improvements  over  the  screening  models 
currently  used  in  complex  terrain 
applications  can  be  attributed  to  several 
factors: 

•  its  ability  to  use  observed  vertical 
profiles  of  meteorological  data  (rather 
than  just  one  level)  to  obtain  plume 
height  estimates  of  these  variables; 

•  computation  of  plume  dispersion 
parameters,  oy  and  oz,  directly  from 
turbulence  measurements  rather  than 
indirectly  from  discrete  stability 
classes. 

Despite  these  advances,  CTDM  still 
contains  several  limiting  assumptions: 

•  Its  framework  is  a  steady-state 
Gaussian  model.  It  is  not  designed  for 
extreme  light-wind  conditions  with 
highly  variable  wind  directions. 

•  The  mathematical  depiction  of  terrain 
shapes  is  simplified  from  actual 
shapes. 

•  Flow  interactions  among  different 
terrain  features  are  not  explicitly 
accounted  for. 

•  Meteorological  data  can  be  input  to 
the  model  for  only  one  x,y  location 

•  Flow  deformation  is  treated  with 
linearized  equations  of  motion  for 
steady-state  Boussinesq  flow,  with 
higher  order  terms  neglected.  These 
assumptions  are  not  valid  for 
applications  involving  steep  terrain 
(greater  than  about  15°)  or  strongly 
stable  flow  (Froude  number  less  than 
1)  if  the  LIFT  module  is  used. 

CTDM   can    be   used   for   regulatory 
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applications  involving  a  long  series  (e.g., 
a  full  year)  of  model  simulations.  Several 
of  its  limitations  are  related  to  the  desire 
to  keep  the  computer  execution  time 
reasonable. 

An  operational  limitation  of  the  current 
version  of  CTDM  is  that  it  provides 
concentration  estimates  only  for  stable 
hours.  For  multi-hour  concentration 
averages  involving  nonstable  conditions. 
a  second  model  must  be  run  to  augment 
the  CTDM  predictions.  CTDM  also 
presents  operational  challenges  to  the 
user.  Detailed  terrain  and  meteorological 
data  must  be  provided.  "Isolated"  terrain 
elements  need  to  be  defined,  and  this 
task  can  be  complicated  by 
superimposed  and/or  interconnected 
features.  The  considerable  demands  for 
meteorological  input,  while  necessary, 
represent  a  significant  increase  over 
those  for  current  models  that  use  a  single 
level  of  data. 

The  CTDM  user  must  be  careful  in 
obtaining  the  proper  meteorological  data 
for  input  fo  the  model.  CTDM  can  be 
very  sensitive  to  errors  in  wind  direction, 
for  example.  Plume  oy  and  oz  calculations 
are  critically  dependent  upon  on-site 
turbulence  measurements  at  plume 
height.  The  evaluation  results  show  thel 
use  of  low-level  or  poor  vertical 
resolution  measurements  will  degrade 
the  performence  of  CTDM  on  an  event- 
by-event  basis.  The  use  of  tall  towers  or 
doppler  acoustic  sounders  will  be 
necessary  to  obtain  representative  wind 
and  turbulence  data.  The  capability  for 
accurate  remote  temperature  sensing  is 
still  being  developed,  but  representative 
AT  measurements  are  essential  for 
obtaining  accurate  concentration 
estimates.  Such  measurements  can  be 
obtained  from  two  levels  on  a  tall  tower 
or  two  separate  (but  electronically  linked) 
shorter  towers  (one  on  a  hill)  if 
instruments  are  placed  well  away  from 
the  ground  (e.g.,  50  meters  or  higher)  on 
each  tower. 

It  is  useful  to  compare  CTDM's 
normalized  mean  square  error  values 
with  those  of  EPA  refined  models  as 
listed  in  Appendix  A  of  the  Guideline  on 
Air  Quality  Models  (Revised).  1986. 
CRSTER  has  been  tested  at  tracer  sites 
in  Illinois  (flat  site)  and  Tennessee 
(moderately  hilly  site).  These 
experiments,  sponsored  by  the  Electric 
Power  Research  Institute,  featured 
several  weeks  of  data  collection  at  a 
network  of  150-200  tracer  samples.  ISC 


was  tested  with  tracer  data  bases 
collected  by  the  American  Gas 
Association  (AGA)  at  two  natural  gas 
compressor  stations.  The  comparison 
shows  that  CTDM's  performance  at  the 
CTMD  tracer  sites  is  comparable  to 
those  of  EPA-designated  refined 
models  in  similar  test  environments. 

CTDM,  while  showing  good 
performance  at  the  evaluation  sites,  also 
exhibits  an  overprediction  tendency  at 
most  sites  tested;  this  is  important  for 
regulators  who  are  interested  in 
protecting  air  quality  through  the  use  of 
analytical  modeling  techniques.  The 
most  serious  underprediction  result,  at 
Hogback  Ridge  (CF3Br),  is  associated 
with  mobile  crane  tracer  releases  close 
to  the  ridge,  while  using  meteorological 
data  from  the  main  tower  farther  from  the 
ridge.  This  supports  the  concept  that  the 
location  as  well  as  the  vertical  resolution 
of  the  meteorological  data  must  be 
designed  with  care  for  CTDM  use. 

The  data  analyses  performed  during 
this  program  effort  support  the  concept 
that  there  are  inherent  limits  to  our  ability 
to  predict  measured  or  observed  air 
quality  concentrations.  Improvements  to 
models,  such  as  those  accomplished  in 
this  effect,  establish  confidence  that  a 
model  is  properly  accounting  for  the 
physical  phenomena  involved,  and  is 
therefore  "fair"  in  its  application  to 
different  situations.  It  is  especially 
noteworthy  in  this  regard  that  CTDM 
consistently  performed  well  with  all  of  the 
data  sets  used,  in  contrast  to  the  other 
models  tested.  Nevertheless,  the  effort 
has  not  resulted  in  a  "breakthrough"  in 
reducing  statistical  uncertainty 
associated  with  individual  predictions 
versus  observations.  The  use  of  a  high 
resolution  profile  of  meteorology 
measurements  with  height  resulted  in 
improvements  to  CTDM's  performance.  It 
is  apparent  from  case-study  analyses 
that  further  model  performance 
improvements  would  emerge  from  an 
increase  in  the  information  on  horizontal 
as  well  as  vertical  variations  in 
meteorological  data. 


David  G.  Stnmaitis  and  Robert  J.  Yamartmo  are  with  Sigma  Research 
Corporation,  Lexington.  MA  02173:  Robert  J.  Paine  and  Bruce  A.  Egan  are 
with  ERT.  Inc..  Concord.  MA  01742. 
Piter  L  flnke/steln  is  the  EPA  Project  Officer  (see  below). 
The  complete  report,  entitled  'EPA  Complex  Terrain  Model  Development:  Final 
Report.'  (Order  No.  PB  88-1621 10/AS:  Cost:  138.95.  subtecl  to  change) 
will  be  available  onty  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 
Telephone:    703-487-4650 
The  EPA  Protect  Officer  can  be  contacted  at: 

Atmospheric  Sciences  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Research  Triangle  Park.  NC  27711 
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Pollution  Abatement  Program 


Water  based  cutting  fluids  are  used  in  large  quantities  at  the  Arsenal, 
approximately   180,000  gallons  are  disposed  of  annually.     Different  methods 
for  cleaning  spent  fluids  were  investigated  and  a  centrifuge  system  was 
selected  as  the  best  method  for  the  Arsenal  operations.     This  centrifuge 
removes  tramp  oil,  particulate  matter,  and  bacteria.     The  system  is 
operational  and  has  reduced  annual  operational  costs  by  $25,000  in  addition 
to  achieving  the  primary  goal  of  pollution  abatement. 

The  Arsenal  also  uses  large  quantities  of  cleaning  solvents,  approximately 
66,000  gallons  annually.     Most  of  the  solvent  is  lost  by  evaporation  into 
the  atmosphere.     The  corrective  actions  taken  to  stem  this  loss  was  the 
installation  of  freeboard  chillers  and  the  addition  of  covers  on  the 
degreasing  tanks. 

A  liquid  carburizing  process  currently  used  at  RIA  uses  a  cyanide  salt 
bath.     A  suitable  noncyanide  process  was  found  that  provides  case  depths 
and  hardnesses  that  are  comparable  with  the  process  currently  used, 
however,  at  a  slightly  higher  cost.     Because  production  usage  of  the  cyanide 
bath  is  currently  low,  the  amount  of  waste  produced  is  low  and  EPA 
waste  disposal  limits  are  being  met.     However,  if  production  requirements 
increase,  implementation  of  the  noncyanide  method  will  allow  disposal 
of  more  wastes  and  still  remain  in  compliance  with  EPA  standards. 

Bag  houses  are  used  to  maintain  air  quality  standards  in  the  arc  spray 
metallizing  area.     The  cotton  bags  originally  used  were  being  abraded 
and  ruptured  by  the  metallic  dust  being  collected.     Bags  made  of 
different  materials  were  investigated.     Polypropylene  bags  were  unsatis- 
factory because  of  their  short  service  life.     However,  Sno-Fil  polyester 
bags  collected  the  metallic  overspray  efficiently  and  demonstrated  a 
good  service  life.     The  polyester  bags  were  recommended  for  use  in  all 
bag  houses  at  RIA. 

FOR  ADDITIONAL  INFORMATION:     Mr.  Andrew  Kource,  Jr.,  AMXIB-PG, 
Production  Engineering  Division,  U.S.  Army  Base  Industrial  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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Manufacturing,  Machinery, 
&  Tools 

891  Computer  Controlled  Chromium  Plating  Process 

892  Improved  Lead  Dioxide  Electroplating  Technology 

893  Investment  Castings 

894  Pyrotechnic  Safety  Enhancement 

895  Recovering  Damaged  T700  Compressor  Blisks 

896  Computing  the  Compliances  of  Gear  Meshes  —  The  sharing  of  loads 
among  gear  teeth  can  be  improved. 

897  Handheld  Controller  for  Robotic  end  Effector  —  This  controller  provides 
both  position  and  force  feedback.  (Licensing  Opportunity) 

898  Holder  for  Shot  Peening  —  A  fixture  delimits  the  peened  area  precisely 
while  boosting  productivity. 

899  Robotic  Tool-Exchange  System  —  The  relatively  simple  system  uses  a 
conventional  power  source  to  exchange  tools. 

900  Rotary  Reactor  Makes  Large  Latex  Particles  —  A  machine  reduced  the 
gravitational  effects  that  interfere  with  particle  growth. 

Testing  &  Instrumentation 

901  Automatic  Inspection  Device  Explosive  Cast  in  Shell 


( 


U.S.  Army  Fact  Sheet 


Computer  Controlled  Chromium  Plating  Process 


The  chromium  plating  of  cannons  for  erosion  resistance  is  a  complicated, 
multi-stage  process  which  is  manually  controlled  and  is  subject  to  human 
error.     Reliance  on  themanual  control  of  operating  parameters  jeo- 
pardizes the  quality  of  the  deposit  excess  chrome  is  deposited  and 
requires  removal  by  grinding. 


The  objective  of  this  effort  was  to  reduce  the  reliance  on  manual 
operations  of  critical  parameters  by  developing  programmable 
controller(s)  to  reduce  to  near  zero  the  manipulation  functions 


Allen-Bradley  equipment,  including  a  color  monitor  display  has  been 
obtained  and  integrated  with  on-going  reconstruction  of  Watervliet 
tube-plating  facilities.     The  additional  demonstration  and  training 
console  developed  by  this  effort  will  be  used  for  training  purposes. 
Arsenal  personnel  will  be  extensively  trained  prior  to  operating  the 
equipment. 


FOR  ADDITIONAL  INFORMATION:    Contact  Mr.  Robert  S.  Hellem, 
AMXIB-PG,  Production  Engineering  Division,  U.S.  Army  Industrial 
Base  Engineering  Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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Improved   Lead  Dioxide  Electroplating  Technology 

Adhesion  of  PB/2  plate  in  electrodes  in  liquid  reserve  power  supplies 
for  spin-stabilized  fuzing  is  often  poor.     This  causes  chipping  and 
flaking  resulting  in  reject  material,  and  poor  discharge  efficiency  at 
high  temperatures  causing  reduced  battery  life. 

The  objective  of  this  project  was  to  optimize  the  anodization  of  the 
nickel  surfaces  and  process  control  of  lead  dioxide  electroplating  at 
Accudyne  Corp's  lead  dioxide  electroplating  line.     An  anodizing  tank 
was  installed  in  the  strip  plater  along  with  associated  rollers,  recti- 
fiers, and  controls  for  the  anodization  process. 

The  optimization  process  consisted  of  plating  material  while  varying 
the  parameters  such  as  current  and  bath  concentrations;  and  tempera- 
tures in  the  nickel  plating,  nickel  anodizing,  and  lead  dioxide  plating 
stations.     The  plated  material  was  tested  for  bond  quality  through 
punching  and  bending  tests,  and  high  and  low  temperature  discharge. 
Plated  material  was  stored  in  accelerated  aging  tests  to  determine 
degradation  characteristics  as  a  function  of  plating  parameter. 

The  project  was  a  success  and  was  implemented  as  a  new  manufacturing 

process  at  the  Accudyne  Plant.  i 

FOR  ADDITIONAL  INFORMATION:     Mr.  Robert  S.  Hellem,  AMXIB-PG, 
Production  Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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Investment  Castings 


The  fastest  growing  process  for  producing  metal  shapes  today  is 
investment  casting.     It  is  a  "net  shape"  process  which  can  produce 
complex  shapes.     At  the  same  time  the  castings  have  better 
mechanical  properties,  thereby  permitting  redesign  for  less  weight 
and  lower  cost.     Investment  castings  can  be  small  and  intricate, 
but  they  can  also  be  large,  weighing  almost  a  ton.     Applications  are 
broad  and  growing,  ranging  from  aerospace  and  automotive  to 
medical  and  dental.     Although  other  possibilities  of  supply  exist, 
investment  castings  offer  a  sound  economical  alternative  for  many 
applications. 

WHAT  IS  AN  INVESTMENT  CASTING? 

The  term  "investment"  refers  to  the  forming  of  an  outer  layer  or 
envelope  around  a  pattern.     The  pattern  is  then  removed  from  the 
envelope  and  the  metal  is  poured  into  the  cavity  to  form  the  actual 
casting.     In  essence,  then,  it  is  the  production  of  castings  using  an 
expendable  pattern.     It  entails  six  individual  steps: 

o  -  Pattern  Production 

o  -  Pattern  Assembly 

o  -  Investment  (Ceramic  shell  production) 

o  -  Dewaxing  (Pattern  removal)/Firing 

o  -  Casting 

o  -  Cleaning 

Pattern  production  usually  consists  of  injecting  a  wax  into  a  die  cavity 
that  has  the  shape  of  the  finished  part.     Once  removed  from  the  die, 
the  pattern  is  assembled  on  a  cluster  with  other  patterns.     The  cluster 
is  dipped  into  a  refractory  based  slurry  to  form  the  shell.     This  pro- 
cess is  repeated  several  times  to  build  up  the  shell's  thickness.     After 
drying,  the  shell  is  heated  in  a  steam  autoclave  or  furnace  to  remove 
the  wax.     The  empty  shell  is  then  placed  in  a  firing  furnace  to  preheat 
and  build  shell  strength.     The  fired  shell  is  removed  from  the  furnace 
and  molten  metal  is  poured  into  the  cluster.     After  cooling  and  solidi- 
fication the  shell  is  removed  and  the  castings  are  cleaned. 

ADVANTAGES  OF  INVESTMENT  CASTINGS 

The  exceptional  advantages  of  investment  castings  are  as  follows: 

o  -  Producing  extremely  intricate  and  complex  shapes  with  wall 
sections  as  thin  as  0.03  in.,  impractical  to  produce  by  any 
other  means. 

o  -  Casting  of  parts  from  alloys  not  readily  machinable. 
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0  -  Repeatably  holding  tightly  toleranced  dimensions  (+/-0.01 
in.),  often  requiring  little  or  no  matching  (typical  non- 
ferrous  finish  70-90  microinches  and  100-125  micro- 
inches  for  ferrous  metals). 

o  -  Eliminating  the  waste  of  expensive  or  critical  materials. 


TECHNOLOGY  IMPROVEMENTS 

In  the  past,   investment  casting  applications  were  limited  to  small 
parts  with  high  production  requirements.     Today,  investment  castings 
are  being  produced  in  sizes  of  less  than  one  gram  to  over   1,500  lbs 
in  many  alloys.     The  investment  process  is  most  often  used  with 
smaller  castings,  but  it  is  also  common  to  find   150  -  200  lbs  castings. 
High  production  requirements  are  not  always  needed  to  make  the 
process  economical.     Many  parts  are  being  produced  in  lot  sizes  of 
less  than   100.     The  size  and  complexity  of  the  wax  pattern  tooling 
typically  dictates  the  minimum  volume  required  to  economically 
produce  the  casting. 

Techniques  have  been  developed  for  making  patterns  for  prototype 
parts  that  do  not  require  the  fabrication  of  expensive  tooling.     For 
simple  parts,  tooling  can  be  machined  from  an  easy  to  machine 
material.     Complex  wax  pattern  shapes  can  be  made  in  several 
pieces  and  glued  together.     Or,  a  pattern  can  be  machined  directly 
from  a  wax  block. 

SUMMARY 

The  investment  casting  process  offers  a  means  of  producing  castings 
with  smoother  surface  finishes,  closer  dimensional  tolerances,  less 
weight  and  more  cast-in  detail.     All  of  these  contribute  to  reducing 
the  component  cost.     Many  investment  castings  in  production  today 
were  previously  made  by  other  methods.     A  wide  range  of  parts  have 
already  been  converted  for  machine  tools,  textile  machinery,  ordnance, 
and  food  processing  machinery.     The  unique  technical  advantages 
and  manufacturing  economics  of  the  investment  casting  process  will 
continue  to  spur  new  product  applications  and  conversions  from  other 
processes. 

FOR  ADDITIONAL  INFORMATION:     Contact  Mr.  Daniel  L.  Twarog, 
care  of  the  Cast  Metals  Institute,  Inc.,  Des  Plaines,  IL  60016-2277; 
(312)  824-0181   or  Mr.  Brent  Starkey,  Industrial  Engineering  Activity, 
U.S.  Army,  Rock  Island,  IL  61299-7260;  (309)  782-6924. 
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Pyrotechnic  Safety  Enhancement 


Current  pyrotechnics  manufacturing  operations  present  safety  hazards 
and  risks  to  operating  personnel.     New  concepts  and  procedural  changes 
were  needed  to  improve  the  safety  of  present  batch  pyrotechnic  manu- 
facturing operations  related  to  scrape  down,   transport  and  conveying, 
fire  suppression  and  safety  design.     Because  of  fatalities  resulting  from 
recent  incidents,  it  was  imperative  that  operator  exposure  be  reduced 
as  much  as  possible  in  pyrotechnic  processing. 

The  objective     of  this  project  was  to  survey  all  pyrotechnic  manu- 
facturing operations  in  order  to  systematically  identify  and  compare 
procedures  and  equipment  used  for  the  various  compositions  made. 
Methods  and  techniques  were  developed  to  eliminate  or  reduce  manual 
handling  and  personnel  exposure  in  manufacturing  and  transporting 
pyrotechnic  materials.     Improved  fire  suppression  system,  bay  design, 
and  operator  coveralls  were  also  developed. 

A  remote  materials  handling  system  was  developed  and  evaluated  using 
both  inert  and  live  pyrotechnic  mixes  (M206,  MK45).     This  system  was 
demonstrated  successfully  in  mixer  loading,   transport,  and  conveying. 

An  improved  fire  suppression  system  using  UV  detectors  and  explosive 
actuated  valves  was  developed.     This  system  reduced  response  time 
(detection  to  water)  from  120  MSEC  down  to  5  MSEC  and  was  successful 
in  extinguishing  wet  M206  (125  lb)  and  dry  M206  (ignited  at  top  only). 

A  series  of  open-air  and  cubicle  tests  based  on  actual  mixer  bay  design 
was  conducted.  This  information  developed  internal  load  design  curves 
which  in  turn  can  be  used  to  design  future  mixer  bays. 

Flame  tests  and  electrostatic  discharge  tests  were  conducted  on 
operator  coverall  materials.     They  were  evaluated  for  flame  protection 
and  ability  to  dissipate  electrical  charge.     A  triblend  material  was 
found  to  provide  the  best  properties. 

Implementation  of  the  results  of  this  project  will  provide  increased 
safety  for  personnel,  facilities,  and  equipment  through  use  of  remote 
handling  systems,  fire  suppression  systems,  improved  bay  design,  and 
improved  coverall  materials. 

FOR  ADDITIONAL  INFORMATION:     Mr.  Peter  Martin,  AMXIB-PG, 
Production  Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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Recovering   Damaged  T700  Compressor  Blisks 


Bladed  disks  (blisks)  are  used  in  the  compressor  of  the  T700-GE-700 
helicopter  engine.     Foreign  object  damage  (FOD)  and  erosion  during  field 
operation  and  damage  incurred  in  manufacturing  due  to  tool  breakage 
and  handling,  require  replacement  of  the  expensive  blisks  if  the  damage 
exceeds  field  service  limits.     The  objective  of  this  project  was  to 
generate  the  laboratory  data  and  establish  qualified  weld  repair  procedures 
for  the  Stage  1   blisk  airfoils. 

Two  types  of  weld  repair  procedures  were  established:     weld  build-up  of 
the  leading  edge,  and  replacing  a  section  of  the  blade  leading  edge  from 
the  midspan  to  the  tip  with  a  triangular  shaped  insert.     Based  on  cost 
considerations  it  was  found  that  automated  processes  are  not  justifiable: 
manually  controlled  plasma  arc  welding  provided  the  needed  flexibility 
and  control,  and  manually  controlled  pantograph  milling  was  superior 
in  this  application  to  NC  production  equipment.     Weld  repaired  airfoils 
required  localized,   modified  postweld  heat  treatment,  since  the  blisk 
alloy,  GE  AM-355,  is  a  semiaustenitic  stainless  steel  with  a  delicate 
balance  of  chemistry  and  heat  treatment.     Etched  fluorescent  penetrant 
and  magnetic  particle  inspection  were  sufficient;  x-ray  inspection  did 
not  provide  a  higher  confidence  level. 

The  Final  Report  discusses  quality  control  and  inspection,  laboratory 
analysis,  corrosion  testing,   mechanical  property  testing  of  coupons  and 
hardware,  and  engine  testing.     The  possibility  of  corrosion  pitting  caused 
the  repair  zone,  to  be  limited  to  the  area  from  the  midspan  to  the  tip 
in  order  to  stay  away  from  the  more  highly  stressed  blade  root  area. 
Some  loss  of  parent  metal  during  the  chemical  stripping  of  the  corrosion 
protection  coating  (diffused  aluminide)  will  restrict  the  number  of 
repair  cycles  to  two.     Engine  tests  met  all  requirements  and  no  further 
testing  is  required  unless  significant  process  changes  are  made.     The 
Report  contains  sufficient  detail  so  that  a  potential  user  can  be  expected 
to  reasonably  duplicate  the  results. 

Savings  of  $1.86M  over  the  next  ten  years  were  estimated.     Additional 
savings  would  be  possible  with  the  acceptance  of  a  bitemperature  heat 
treatment  which  would  allow  repair  of  more  extensively  damaged  hard- 
ware, and  the  development  of  an  alternate  corrosion  protection  coating 
which  could  allow  more  repair  cycles  and  more  extensive  repaire.     This 


FOR  ADDITIONAL  INFORMATION:    Contact  Ferenc  Beiwel,  AMXIB-PG, 
Production  Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-6586. 
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Computing  the  Compliances  of  Gear  Meshes 

The  sharing  of  loads  among 
gear  teeth  can  be  improved. 

A  computer  model  simulates  the  compliance  and  the  sharing  of  loads  in 
a  spur-gear  mesh.  This  model  adds  the  effect  of  rim  deflections  to  previously- 
developed,  state-of-the-art  gear-tooth-deflection  models.  By  the  use  of  the 
solid-body  analysis  as  a  lower  bound  and  the  rim  analysis  as  an  upper  bound 
for  the  mesh  compliance,  reasonable  approximations  can  be  obtained  for  the 
compliance  in  a  spur-gear  mesh. 

Furthermore,  the  model  demonstrates  that  a  rim  on  the  large  output  gear 
in  a  spur-gear  mesh  can  improve  the  load-sharing  characteristics  of  the  mesh. 
The  improvement  in  load  sharing  reduces  the  fraction  of  the  load  upon  a  tooth 
of  the  driving  pinion  as  the  tooth  enters  the  mesh.  The  effects  of  this  reduc- 
tion in  the  initial  load  fraction  are  a  potential  reduction  in  dynamic  loading  on 
the  tooth  and  an  increase  in  the  total  compliance  of  the  mesh,  with  consequent 
reduction  of  sensitivity  to  the  errors  in  the  distances  between  gears  in  parallel- 
path  power  transmissions. 

This  model  can  be  applied  to  a  gear  mesh  composed  of  two  external  gears 
or  an  external  gear  driving  an  internal  gear.  This  feature  makes  the  program 
a  good  tool  for  the  analysis  and  design  of  planetary  transmissions. 

This  work  was  done  by  D.  G.  Lewicki  of  Lewis  Research  Center  and 
M.  Savage,  R.  J.  Caldwell,  andG.  D.  Wisorofthe  University  of  Akron.  Fur- 
ther information  may  be  found  in  NASA  TM-88843 [N87-1 0892/NSP],  "Gear 
Mesh  Compliance  Modeling. "  [A  19] 

Copies  may  be  purchased  [prepayment  required]  from  the  National 
Technical  Information  Service,  Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  placed  for  an  extra  fee  by  calling  (800) 
336-4700.      LEW-14554  /TN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Licensing 
Opportunity 


Handheld  Controller  for  Robotic  End  Effector 

This  controller  provides  both  position  and  force  feedback. 


A  robot  end-effector  controller  is  equip- 
ped with  position  and  force  feedback.  The 
controller  accepts  simple  control  actuation 
commands  for  claw  control  and  provides 
easily  understood  feedback  functions  all 
through  the  same  finger.  Other  fingers  are 

thus  free  to  execute  other  control  func- 
tions. Moreover,  because  the  manipula- 
tions through  the  finger  do  not  require  eye 
contact,  the  operator  can  pay  more  atten- 
tion to  other  functions;  hence,  the  con- 
troller can  be  integrated  into  a  robot-arm 
master  controller. 

Primitive  force/position  feedback  sys- 
tems have  used  levers  to  transmit  forces 
back  to  the  operators.  However,  with  these 
cumbersome  systems,  it  is  difficult  to  ad- 
just the  feedback  ratios.  Many  teleoperator 
controls  using  joysticks  provide  feedback 
in  either  the  force  or  the  displacement 
mode  only.  At  the  moment  of  grasping,  the 
mode  could  be  switched  from  position  to 
force;  however,  because  the  transition 
from  claw  movement  to  claw-grasp  force 
is  not  instantaneous,  the  operator  should 
have  both  feedbacks  during  the  transition. 
The  controller  (see  figure)  provides  two 
degrees  of  freedom  for  the  feedback  such 
that  the  operator  can  perceive  two  distinct 
sensations  in  his  control  hand.  To  control 
the  end-effector  motion,  the  operator  ex- 
erts force  on  the  trigger  with  a  finger  or 
pushes  outwardly  against  the  trigger  guard 
for  reversed  motion.  Strain  gauges 
measure  this  force  and  translate  it  into 
electrical  signals  that  regulate  the  end- 
effector  motor.  Claw  motions  or  clamping 
forces  are  thus  proportional  to  the  trigger 
force  applied  by  the  operator. 


The  trigger  is  "hard";  that  is,  it  will  not 
move  in  response  to  the  operator's 
squeezing  force  but  will  position  itself  in 
response  to  the  claw  position,  with  the  trig- 
ger fully  protruded  for  the  open-claw  posi- 
tion. The  position-feedback  servomotor  is 

located  at  the  base  of  the  handgrip  and 
operates  through  a  spindle-and-linkage 
mechanism  to  pivot  the  trigger  back  and 
forth. 

As  the  end-effector  claw  exerts  a  clamp- 
ing force,  the  force-feedback  loop  sends 
control  signals  to  the  force-feedback  ser- 
vomotor in  the  top  of  the  grip.  This  causes 
the  trigger  to  rotate  about  its  longitudinal 
axis.  Because  the  trigger  surface  is  a  con- 
cave cylinder  the  rotation  is  felt  by  the 
operator's  finger  as  a  tilting  of  the  cylinder. 

This  work  was  done  by  Bruno  M.  Jau  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  address- 
ed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1207  East  California  Boulevard 

Pasadena,  C A  91 125 

Refer  to  NPO-16732  /TN 


Push 
Button 


Trigger 
Guard 


The  Hand  Grip  houses  the  controller.  The 
end-effector  force  and  position  are  fed 
back  to  the  operator's  hand  through  the  ro- 
tation of  the  trigger  and  the  rocking  of  the 
trigger  guard. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr  for  JPL  Norman 
L  Chaltin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 
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Holder  for  Shot 
Peening 

A  fixture  delimits  the  peened 
area  precisely  while  boosting 
productivity. 


A  fixture  holds  parts  for  shot  peeniny, 
acting  as  a  mask  so  that  only  a  limited, 
predetermined  area  is  exposed  to  the  shot. 
While  it  helps  to  control  the  dimensions  of 
the  shot-peened  area,  the  fixture  also  ena- 
bles workpieces  to  be  loaded  and  unload- 
ed quickly. 

The  fixture  was  developed  for  the  fabri- 
cation of  turbine  blades.  Previously,  the 
area  to  be  treated  was  delineated  by  a  soft 
mask  of  tape  and  rubber  or  plastic.  The 
new  hard  fixture  not  only  offers  greater  di- 
mensional stability  and  repeatability  but 
also  increases  productivity.  According  to 
estimates,  it  will  save  about  $100,000  in  the 
production  of  6,000  engines. 

This  work  was  done  by  Bill  E.  Coker  of 
Rockwell  International  Corp.  for  Marshall 
Space  Right  Center.  No  further  docu- 
mentation is  available.    MFS-29242  /TN 


Turbine  Blade 
■To  Be 
Shot-Peened 


NEW  TOOL 


The  New  Fixture  Ensures  Small  Tolerances  essential  for  turbine  blades.  It  can  be  opened 
and  closed  quickly  so  that  a  finished  part  can  be  removed  and  a  new  part  inserted. 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Robotic  Tool-Exchange  System 

The  relatively  simple  system  uses  a  conventional  power  source  to  exchange  tools. 


The  robotic  tool-exchange  system  (see 
figure)  consists  of  a  tool  rack,  which  holds 
such  tools  as  screwdriver  bits,  sockets,  or 
twist  drills,  and  the  mechanisms  that  en- 
able a  robotic  end  effector  to  pick  up  or 
replace  a  tool.  Rotary  power  for  the  system 
can  be  supplied  by  a  conventional  source 
such  as  an  electric  motor  or  pneumatic  or 
hydraulic  mechanism. 

The  tool  rack  is  supported  by  a  spring- 
loaded  base  that  allows  sufficient  motion  of 
the  tool  rack  to  reduce  the  requirement  of 
positioning  accuracy  of  the  end  effector. 
Each  tool  is  stored  in  a  slot  in  the  base  until 
needed.  At  that  time,  the  tool  previously  in 
use  is  removed  from  the  end  effector  by  a 
special  pawl-and-bracket  mechanism.  The 
tool  slides  toward  the  bottom  of  an  empty 
slot  until  the  tool-retaining  pawls  are 
spread  apart  by  inclined  planes  on  the  dis- 
engaging brackets.  The  end  effector  is 
withdrawn  from  the  rack,  leaving  the  previ- 
ous tool  in  the  rack.  The  end  effector  is 
then  repositioned  to  insert  the  end  of  its 
shaft  into  the  desired  tool  until  the  retaining 
pawls  are  seated  on  the  tool.  The  upward 
motion  of  the  end  effector  then  removes 
the  tool  from  the  rack,  and  the  tool  inter- 
change is  complete. 

Although  several  automatic  tool  ex- 
changers are  already  available,  the  spring 
mounting  of  the  tool-rack  base  to  provide 


The  End-Effector  Design  and  spring-mounted  tool-rack  base  make  the  tool-exchange 
system  relatively  simple  and  effective. 


some  degree  of  freedom  in  positioning  ac- 
curacy and  the  end-effector  design  for 
gripping  the  tools  make  this  system  rela- 
tively simple  and  effective.  The  system  has 
been  demonstrated  at  Langley  Research 
Center  for  tool  exchange  in  the  replace- 


ment of  spacecraft  modules. 

This  work  was  done  by  Marion  A.  Wise 
and  Barry  S.  Lazos  of  Langley  Research 
Center.  No  further  documentation  is  avail- 
able. 
LAR-13558  /77V 
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BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Rotary  Reactor  Makes  Large  Latex  Particles 

A  machine  reduces  the  gravitational  effects  that  interfere  with  particle  growth. 


A  chemical  reactor  produces  large  latex 
particles —  up  to  100  /jm  in  diameter. 
Previously  such  large  particles  could  be 
produced  only  in  the  gravity-free  environ- 
ment of  space.  On  Earth,  buoyancy  and 
sedimentation  prevented  the  polymeriza- 
tion reaction  from  continuing  after  the  par- 
ticles grew  larger  than  about  3  fjm.  Stirring 
to  prevent  separation  did  not  help;  it  had  to 
be  done  so  rapidly  that  it  caused  violent 
collisions  and  consequent  flocculation  of 
the  soft,  sticky  particles. 

The  new  reactor  includes  a  cylinder  that 
rotates  in  a  constant-temperature  water 
bath  (see  figure).  The  slow  rotation  of  the 


cylinder  mixes  the  reactants  to  prevent 
separation,  while  the  bath  ensures  a  uni- 
form reaction  temperature.  A  stirrer  in  the 
cylinder  provides  additional  mixing  if  need- 
ed. The  rotation  and  stirring  are  gentle 
enough  not  to  cause  collision  flocculation. 
The  reactor  chamber  is  completely  filled 
with  reactants;  no  air  is  present  to  mix  with 
the  contents  and  promote  flocculation. 

A  piston  that  constitutes  an  end  wall  of 
the  reactor  moves  to  accommodate  the 
changing  volume  of  reactants.  The  moving 
piston  also  drives  a  linear  variable-differen- 
tial transformer  (LVDT),  the  electrical  out- 
put of  which  indicates  the  volume  of  the 


chamber  and  thus  provides  information  on 
the  stage  of  the  polymerization  reaction. 

The  prototype  reactor  holds  235  ml  of 
fluid.  Although  the  variation  in  the  size  of 
the  latex  particles  produced  in  this  reactor 
is  somewhat  greater  than  the  2-percent 
variation  of  particles  made  in  space,  the 
product  should  become  more  uniform  as 
latex  recipes  are  improved. 

This  work  was  done  by  Dale  M.  Kornfeld 
of  Marshall  Space  Right  Center 
MFS-28214  fTN 


Glass  Window 


Reaction-Chamber 
Wall 


Piston/LVDT 
Assembly 


The  Reaction  Chamber  Rotates  while  the  polymerization  of  latex  proceeds.  A  motor  (not  shown)  at  the  far  end  of  the  machine  turns  the  stirrer. 
The  chamber  is  made  of  stainless  steel  with  glass  windows. 

FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O  Box  8757 
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Automatic  Inspection  Device  Explosive  Cast  in 
Shell 

The  Army's  Production  Base  Modernization  Program  for  ammunition 
plants  includes  requirements  for  high  rate  inspection  of   105mm- 155mm 
high  explosive  projectiles  to  detect  critical  cavitation  defects  which 
may  cause  premature  malfunctions.     These  critical  defects  require 
100%  inspection  of  the  projectile;  however,  the  methods  currently  in 
use  are  costly  and  labor  intensive. 

The  objective  of  this  effort  was  to  design,  fabricate,  and  test  a  pilot 

production  prototype  system  that  would  perform  real-time  automated 

X-ray  inspection  using  existing  state-of-the-art  technology.     Project 

5  4454  produced  an  Automatic  Inspection  Device  for  Explosive  Charge 

in  Shell  (AIDECS)  pilot  production  prototype  system.     AIDECS  is  an 

automated  filmless  radiographic  system  for  inspecting  the  entire 

spectrum  of  Army  ammunition,  from  40mm  to  8"  rounds.     The  system 

consists  of  a  high  energy  electron  accelerator,  a  dome  of  21   compton 

scattering  detectors,  and  associated  electronic  equipment.     The  system 

utilizes  compton  scattering  to  analyze  the  explosive  filler  and  can 

detect  base  gaps  as  small  as  .030"  and  voids  with  diameters  as  small 

as  1/16-inch.     The  scattered  radiation  is  then  detected  and  converted 

to  electronic  signals  for  computer  processing.     AIDECS  provides  a 

hard  copy  inspection  report  for  each  shell  and  has  the  capability  to 

display  the  data  graphically  using  a  color  graphics  monitor.     The  \ 

color  graphics  display  depicts  the  explosive  in  three  dimensions  or  in 

a  tomographic  type  slice  display  similar  to  medical  CT  scanners.     The 

AIDECS  color  graphics  display  utilizes  the  processed  data  and  creates 

several  different  images  of  the  defect.     Defect  information  can  be 

displayed  in  a  3-dimensional  realization  that  rotates,  translates,  and 

zooms.     The  graphics  can  be  used  to  gain  quick  insight  into  the  results 

of  analysis  changes  and  process  control. 

The  AIDECS  pilot  production  systemresides  at  AMCCOM's  Armament 
Research  and  Development  Center's  high  technology  radiographic  testing 
facility.     Current  plans  call  for  building  a  production  facility  in  FY89 
at  the  Iowa  Army  Ammunition  Plant.     Once  the  facility  is  completed, 
a  production  ready  AIDECS  system  will  be  built  and  installed  in  the 
new  facility.     New  computers  will  be  included  to  take  advantage  of  the 
continuous  advances  in  software. 

FOR  ADDITIONAL  INFORMATION:     Frank  Stonestreet,  AMXIB-PA, 
Production  Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-6226. 
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902  Data  Handling  System  Designed  tor  Materials  Sciences 

903  Super  Tropical  Bleach 

904  Wood  Handbook:  Wood  as  an  Engineering  Material 

905  Antiretlection  Overcoat  tor  Submillimeter  Wavelengths  —  The  coating 
thickness  is  not  critical.  (Licensing  Opportunity) 

906  Ceramic  Fabric  Coated  with  Silicon  Carbide  —  The  material  can  be  used 
as  a  high-temperature  shell.  (Licensing  Opportunity) 

907  Heat-Shrinkable,  Seamless  Fabric  Tube  —  Weaving  produced  a  generally 
tapered  shape;  heat-shrinking  gives  a  final  shape. 

908  Lubrication  and  Wear  of  Hot  Ceramics  —  Properties  of  materials  for 
engine  parts  are  studied. 

909  Process  Makes  High-Grade  Silicon  —  Reactants  and  electrolyte  are 
recycled  to  yield  a  relatively  pure  product.  (Licensing  Opportunity) 

910  Rust  Inhibitor  and  Fungicide  for  Cooling  Systems  —  A  mixture  of  benzot- 
riazole,  benzoic  acid,  and  a  fungicide  prevents  the  growth  of  rust  and 
fungus. 

91 1  Thermal  Conductances  of  Metal  Contacts  —  Data  may  aid  the  design  of 
cryogenic  instruments.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

912  Automated  Agent  Permeation  Tester 
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Technology  Application 


Lawrence  Berkeley  Laboratory 

Data  Handling  System  Designed   For  Materials 
Sciences 


A  prototype  computerized 
information  system  that  im- 
proves accessibility  to  scien- 
tific data  on  properties  of 
materials  has  been  designed 
by  scientists  at  LBL. 

The  prototype  system — 
called  MIST  (for  Materials 
Information  for  Science  and 
Technology) — provides  easy 
access  to  the  most  up-to- 
date  data  on  the  properties 
of  metallic  alloys.  Designed 
by  researchers  in  LBL's  In- 
formation and  Computing 
Sciences  Division,  MIST 
demonstrates  what  could  be 
done  for  other  scientific  dis- 
ciplines, too. 

The  development  of  MIST 
is  part  of  a  joint  effort  by  the 
U.S.  Department  of  Energy 
and  the  National  Bureau  of 
Standards  to  increase  scien- 
tific and  engineering  pro- 
ductivity in  this  country 
through  better  dissemination 
of  research  data.  Leading 
the  work  at  LBL  is  computer 
scientist  John  McCarthy, 
who  credits  Bill  Benson, 
Harvard  Holmes,  Fred  Gey, 
Deane  Merrill,  Frank  Olken, 
and  Arie  Shoshani  with  im- 
portant contributions. 

"Major  strides  have  been 
made  during  the  past  three 
decades  to  help  scientists 
and  engineers  keep  up  with 
the  data  explosion,"  says 
McCarthy  "Certain  fields, 
such  as  chemistry,  have  de- 
veloped sophisticated  sys- 
tems of  retrieving  computer- 
ized information,  and  other 
fields,  such  as  molecular  bi- 
ologv,  have  developed 
mechanisms  for  shared  ac- 
cess to  experimental  data.  In 
manv  scientific  disciplines, 


however,  data  is  piling  up 
and  we  don't  know  how  to 
store  and  index  it  to  make  it 
available  to  a  broad  commu- 
nity of  scholars." 

Existing  database-manage- 
ment systems  were  devel- 
oped largely  to  meet  the 
needs  of  businesses  and  are 
not  designed  to  handle  the 
complexity  of  scientific  data, 
according  to  McCarthy. 
Many  scientists  have  utilized 
general  purpose  program- 
ming languages  such  as 
FORTRAN,  or  statistical 
package  programs  to  com- 
puterize their  information. 
But,  says  McCarthy,  none  of 
these  approaches  provides 
the  full  range  of  capabilities 
required. 

McCarthy's  team  began 
the  designing  of  MIST  by 
surveying  scientists  and  en- 
gineers from  several  of 
DOE's  national  laboratories 
to  determine  user  needs, 
and  looking  into  features 
that  would  be  useful  to 
other  areas  of  science. 

A  big  problem  thev  found 
was  diversity — in  nomencla- 
ture, in  the  form  in  which 
existing  data  has  been  re- 
corded, and  in  the  level  of 
computer  expertise  among 
the  system's  potential  users. 

Two  other  major  issues 
that  needed  to  be  addressed 
involved  "meta-data,"  de- 
scriptions that  help  users 
and  computer  programs  un- 
derstand and  manipulate  the 
data  being  described,  and 
"decentralization,"  the 
means  by  which  data  can  be 
entered  into  the  svstem  from 
a  number  of  sources  but  still 
be  standardized. 
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In  meeting  these  chal- 
lenges, the  LBL  computer 
scientists  designed  into 
MIST  an  active  thesaurus 
and  glossary  to  handle  the 
diverse  nomenclature;  stand- 
ardized representation  of 
data  and  meta-data;  auto- 
matic conversion  of  units  of 
measurement;  multiple  in- 
terfaces, including  terse 
commands  for  experts  and 
menus  that  lead  beginners 
through  the  system  step-by- 
step;  and  many  other  fea- 
tures. 

A  number  of  national  and 
international  organizations 
input  the  data  now  con- 
tained in  MIST.  To  coordi- 
nate this  far-flung  effort, 
LBL's  computer  scientists 
provided  an  ongoing  elec- 
tronic-mail-based computer 
conference,  and  plan  to  es- 
tablish regular  mechanisms 
by  which  any  of  the  groups 
around  the  country  that 
gather  this  sort  of  informa- 
tion can  enter  data  as  it 
comes  in  so  that  MIST  will 
contain  the  most  recent  ex- 
perimental results. 


During  the  next  year, 
MIST  will  move  from  experi- 
mental prototype  to  the  ini- 
tial stages  of  a  production 
system.  Stanford  Universi- 
ty's Data  Center  will  assume 
operational  responsibility. 
MIST  was  implemented  on 
SPIRES,  a  database  manage- 
ment system,  developed  at 
Stanford,  which  runs  on 
IBM  mainframes.  McCarthy 
and  Benson  are  now  design- 
ing an  advanced  workstation 
interface  to  MIST  using  Ap- 
ple Macintosh  computers. 
Initiated  and  supported  in 
part  by  Sandia  National  Lab- 
oratory, this  work  should 
open  the  way  for  MIST  to  be 
interfaced  with  other  com- 
puter workstations  in  the  fu- 
ture. 


For  Additional  Information: 

Mr.  Robert  Morris 

Office  of  Research  and  Technology 

Application 
50A4112 

Lawrence  Berkeley  Laboratory 
Berkeley,  CA  94720 
Telephone  (415)  486-6502 
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US  Army  Fact  Sheet 


Super  Tropical   Bleach 


Super  Tropical  Bleach  (STB)  is  an  effective  decontaminant  for  various 
chemical  agents.     One  of  the  components  of  STB,  a  chlorinated  lime, 
is  currently  produced  and  obtained  from  a  foreign  source.     As  a  result, 
the  US  would  be  vulnerable  in  the  event  of  mobilization.     In  addition, 
a  major  shortfall  exists  between  the  mobilization  requirement  for  STB 
and  the  imported  quantity  available. 

A  project  was  initiated  to  study  and  evaluate  processes  for  the  domestic 
manufacture  of  STB.     The  most  promising  concept  determined  as  a 
result  of  these  studies  was  a  liquid  reactor  process  in  which  Ca(0H)2 
is  combined  with  C'2-     The  reaction  produces  a  set  of  liquid  double 
salts.     Since  the  reaction  is  in  the  liquid  phase,   more  standard  uniformity 
in  the  product  can  be  achieved. 

The  liquid  phase  double  salt  process  was  then  selected  for  piloting.     A 
pilot  plant  was  designed,   fabricated,  set-up  and  evaluated  at  Battelle, 
Columbus,  Ohio.     Evaluation  of  the  pilot  plant  indicated  that  it  func- 
tioned successfully  as  designed.     Documentation  was  prepared  consisting 
of  drawings/data,  and  operation/maintenance  manuals  for  a  full-scale 
facility.     An  end-of-project  demonstration  was  held  at  the  contractors 
plant  in  Oct   1984.     The  pilot  facility  was  then  dismantled  and  shipped 
to  Pine  Bluff  Arsenal  to  be  used  for  recycling  out  of  specification  STB. 

The  overall  benefits  of  the  project  was  a  demonstration  of  a  new  pro- 
duction process  for  STB,  which  has  the  capability  to  recycle  non- 
specification  STB  and  is  a  more  economical  process  for  production  of 
STB. 

FOR  ADDITIONAL  INFORMATION:     Peter  Martin,  AMXIB-PG,  Production 
Engineering  Division,  U.S.  Army  Industrial  Engineering  Activity,  Rock 
Island,  IL  61299-7260;  (309)  782-5235. 
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Research  Technology 


United  States 
Department  of 

Agriculture       (j.S.  Forest  Service 


Wood  Handbook:    Wood  as  an  Engineering 
Material 


A  new  handbook  provides  engineers,  architects,  and  others  with  a 
source  of  information  on  the  physical  and  mechanical  properties  of 
wood  and  how  these  properties  are  affected  by  variations  in  the 
wood  itself.     Practical  knowledge  of  wood  has,  over  the  years, 
resulted  in  strong  and  beautiful  structures,  even  though  exact 
engineering  data  were  not  always  available.     Continuing  research 
and  evaluation  techniques  promise  to  permit  wider  and  more 
effecient  utilization  of  wood  and  to  encourage  even  more  advanced 
industrial,  structural,  and  decorative  users. 

Individual  chapters  describe  not  only  the  wood  itself,  but  wood-based 
products  as  well,  together  with  the  principles  of  how  wood  is  dried, 
fastened,  finished,  and  preserved  from  degradation  in  today's  world. 
Each  chapter  is  climaxed  with  a  list  of  selected  references  to  provide 
additional  information.     A  glossary  of  terms  is  presented  at  the  end 
of  the  handbook. 

The  problem  of  adequately  presently  information  for  architects, 
engineers,  and  builders  is  complicated  by  the  vast  number  of  tree 
species  they  may  encounter  in  the  form  of  lumber,  plywood,  particle- 
board,  fiberboard,  hardboard,  or  other  building  material.     To  prevent 
confusion,  the  common  and  botanical  names  for  different  species 
mentioned  in  this  volume  conform  to  the  official  nomenclature  of  the 
Forest  Service. 

To  reflect  the  increasing  importance  of  imported  species,  information 
on  selected  foreign  species  is  included. 

English  and  metric  systems  of  measurement  are  used  for  selected 
sections  throughout  the  Handbook.     The  system  of  measurement  used 
in  each  case  has  been  chosen  to  reflect  the  system  most  commonly 
used  for  the  information  presented  in  that  chapter.     This  reflects 
user  preference  of  measurement  systems. 

FOR  ADDITIONAL  INFORMATION:    A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:    PB88-128756/NAC 

Price  code:    A20 
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Antireflection  Overcoat  for  Submillimeter  Wavelengths 

The  coating  thickness  is  not  critical. 


A  polytetrafluoroethylene  antireflection 
overcoat  reduces  the  specular  reflectance 
of  an  opaque  baffle  coating  by  a  factor  of 
nearly  2  at  millimeter  and  infrared  wave- 
lengths. The  overcoat  is  easily  applied  by 
spraying  Teflon®  Wet  Lubricant  (or  equiva- 
lent) on  the  opaque  coated  surface.  Al- 
though this  technique  makes  it  difficult  to 
control  the  thickness  of  the  overcoat,  ex- 
perimental and  theoretical  studies  indicate 
that  thickness  has  little  effect  because  the 
antireflective  property  is  based  on  creating 
a  graded-index  absorber. 

In  the  experiments,  the  polytetrafluoro- 
ethylene lubricant  was  applied  to  four 
opaque  coatings  of  various  thicknesses 
and  roughnesses,  using  heavy  sprays  in  the 
effort  to  obtain  thick  overcoats.  The  specu- 
lar-reflectance spectra  of  the  surfaces 
were  measured  before  and  after  spraying, 
so  that  changes  could  be  attributed  to  the 
overcoats.  As  shown  in  Figure  1,  these 
spectra  indicate  significant  decreases  in 
reflectance,  and  in  two  samples  prominent 
spectral  features  are  shifted  to  longer 
wavelengths. 

A  first-order  analysis  explains  the  essen- 
tial features  of  the  spectra.  As  shown  in 
Figure  2,  the  incident  radiation  is  consid- 
ered to  pass  through  a  nonabsorbing  over- 
coat, which  has  a  small  real  index  of  refrac- 
tion nf,  and  into  the  opaque  coating,  which 
has  a  large  index  of  refraction  with  real  part 
n  and  imaginary  part  k  (representing  ab- 
sorption). The  Fresnel  formulas  (which  ex- 
press reflectance  in  terms  of  the  angle  of 
incidence  and  the  indices  of  refraction)  are 
used  to  calculate  the  portions  of  the  inci- 
dent illumination  reflected  at  the  interfaces 
between  the  layers.  The  spectral  peak  is  ap- 
parently due  to  constructive  interference 
between  the  light  reflected  from  the  metal 
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Figure  1.  The  Specular-Reflectance  Spectra  of  four  opaque  coatings  were  measured  at  an 
angle  of  incidence  of  17°,  before  and  after  spray  application  of  an  overcoat  of  polytetrafluo- 
roethylene. 


and  that  reflected  by  the  outer  surface.  The 
overcoat  increases  the  optical-path  differ- 
ence, thereby  causing  the  interference 
peak  to  shift  to  a  longer  wavelength. 

The  wavelength  where  the  overcoat 
was  tested  is  long  enough  to  justify  the 
neglect  of  diffuse  reflection  and  trans- 
mission at  the  interfaces,  and  multiple  re- 


flections are  ignored  to  first  order.  Taking 
account  of  reflectance,  absorption,  and  in- 
terference effects,  it  is  possible  to  express 
the  ratio  of  reflectance  with  the  overcoat  to 
reflectance  without  the  overcoat  in  terms 
of  the  indices  of  refraction,  the  thickness  of 
the  original  coating,  the  wavelength,  the 
thickness  of  the  overcoat  (or  the  shift  in 
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wavelength  of  the  interference  peak),  and 
the  angle  of  incidence.  At  long  wave- 
lengths, this  ratio  is  independent  of  the 
overcoat  thickness,  and  even  at  shorter 
wavelengths  its  effect  is  relatively  small. 
For  the  coatings  of  these  experiments,  the 
first-order  model  predicted  the  reduced  re- 
flectance to  within  26  percent. 

This  work  was  done  by  Sheldon  M. 
Smith  of  Ames  Research  Center.  Further 
information  may  be  found  in  NASA  TM- 
88219  [N8&28730/NSP],  "A  Simple  Antire- 
flection  Overcoat  for  Opaque  Coatings  in 
the  Submillimeter  Region. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700.  [A02] 


Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center  Re- 

fer to  ARC-1 1718. /TN 

Ames    Research    Ctr. 

Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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Figure  2.  The  Attenuation,  Interference, 

and  Reflection  of  incident  illumination  was 
analyzed  with  the  help  of  this  model  of  the 
nonabsorbing  antireflection  overcoat 
above  an  opaque  (absorbing)  baffle  coat- 
ing. 
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FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Ceramic  Fabric  Coated  With  Silicon  Carbide 

The  material  can  be  used  as  a  high-temperature  shell. 


A  ceramic  fabric  coated  with  silicon  car- 
bide (SiC)  serves  as  a  tough,  heat-resistant 
covering  for  other  refractory  materials.  De- 
veloped to  protect  the  reusable  insulating 
tiles  on  advanced  space  transportation 
systems,  the  covering  might  also  be  used 
on  furnace  bricks  or  on  insulation  for  en- 
gines. 

The  new  covering  makes  a  protective 
glaze  unnecessary.  Because  of  its  brittle 
character,  the  glaze  affords  only  minimal 
protection  against  impacts  and  can  crack 
and  spall. 

The  SiC  coated  fabric  adds  no  more 
weight  to  the  tile  and  may  withstand  tem- 
perature up  to  3,000  °F  (1 ,650  °C),  whereas 
the  glaze  can  withstand  only  2,300  to 
2,700  °F  (1,260  to  1,480  °C).  The  coated 
fabric  can  be  formulated  with  the  required 
heat-emissivity  properties.  It  is  isolated 
from  the  tile,  and  it  is  fastened  to  the  tile  in  a 
way  that  compensates  for  the  differences 
in  thermal  expansion  between  the  two. 

The  fabric  is  woven  from  fibers  of  alumi- 
na/boria/silica  composition.  It  is  formed  in- 
to a  top-hat  shape  (see  figure).  The  SiC  is 
applied  to  the  formed  fabric  by  chemical 
vapor  deposition.  The  amount  of  SiC  de- 
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A  Shell  of  Ceramic  Cloth  is  sewn  together.  A  coating  of  SiC  is  then  deposited  on  the  shell. 
The  product  has  a  mass  of  about  0.4  Ibm  per  square  foot  of  surface  area  (2  kg/m2). 


posited  depends  on  the  temperature  of  the 
vapor  reaction,  the  time  in  the  reactor,  and 
the  nature  of  the  fabric  substrate.  The 
finished  rigid  covering  is  attached  to  the  tile 
by  integral  pins  or  clips  or  by  pin  of  a  cera- 
mic similar  to  the  tile  material. 

This  work  was  done  by  S.  R.  Riccitiello, 
M.  Smith,  H.  Goldstein,  andN.  Zimmerman 
of  Ames  Research  Center. 


Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11641./TN 

Ames    Research    Ctr. 

Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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Heat-Shrinkable,  Seamless  Fabric  Tube 

Weaving  produces  a  generally  tapered  shape;  heat-shrinking  gives  a  final  shape. 


A  seamless  fabric  tube  under  consider- 
ation for  use  in  pressure  suits  like  those 
worn  by  astronauts  may  also  be  useful  on 
Earth  for  protective  garments.  The  tube  is 
woven  in  a  tapered  shape  from  polyester 
yarn.  It  is  then  placed  on  a  heated  mandrel. 
The  heat  shrinks  the  fibers  so  that  the 
sheath  thus  assumes  the  shape  of  the 
mandrel.  The  sheath  is  then  coated  with  an 
impermeable  material. 

The  fabric  is  a  flexible  supporting  struc- 
ture for  the  coating  and,  therefore,  im- 
pedes the  wearer's  movements  as  little  as 


possible.  Since  the  fabric  is  continuous, 
leakage  is  reduced,  and  excess  thickness 
at  the  seams  is  eliminated.  The  garment 
made  from  this  fabric  is  expected  to  be 
durable  and  to  require  less  hand  labor  than 
does  a  sewn  suit. 

The  fabric  is  woven  on  a  standard  textile 
broadloom.  The  weaver  removes  warp 
yarns  at  predetermined  locations  to  pro- 
duce a  taper.  Yarns  may  be  removed  from 
either  or  both  edges  or  from  the  center  of 
the  warp  beam. 

This  work  was  done  by  Donat  J.  E. 


LaPointe,  Laurence  J.  Vincent,  and 
Lawrence  T.  Wright  of  Albany  International 
Research  Co.  for  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Johnson  Space  Center 
Refer  to  MSC-21082.  /77V 
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Lubrication  and  Wear  of 
Hot  Ceramics 

Properties  of  materials  for 
engine  parts  are  studied. 


A  report  presents  the  results  of  experi- 
ments on  the  tribological  properties  of  cer- 
amics. It  describes  the  friction  and  wear 
characteristics  of  some  ceramics  under 
consideration  for  use  in  gas  turbines,  die- 
sel  engines,  and  Stirling  engines.  It  also 
discusses  the  formulation  of  composite 
plasma-sprayed  ceramics  that  contain 
solid  lubricant  additives,  and  data  for  car- 
bide-and  oxide-based  composite  coatings 
for  use  at  temperatures  up  to  at  least 
900  °C. 

Ceramics  do  not  have  inherently-useful 
tribological  properties,  and  surfaces  must 
therefore  be  modified  to  achieve  accepta- 
ble levels  of  friction  and  wear.  Lubrication 
is  a  major  challenge  because  the  operat- 
ing temperatures  of  ceramic  engine  parts 
are  often  higher  than  the  thermal  oxidation 
limits  of  oils  and  even  of  such  conventional 
solid  lubricants  as  graphite  and  molybde- 
num disulfide.  Nevertheless,  lubrication  is 
needed  not  only  for  ceramic/ceramic  con- 
tacts but  also  for  ceramic/metal  contacts. 


The  study  includes  measurements  of 
friction  and  wear  of  selected  ceramics  slid- 
ing on  a  precipitation-hardened  nickel- 
base  superalloy  at  room  temperature  and 
at  800  °C  to  determine  the  lubricating  ef- 
fects of  the  oxidation  of  the  metal.  The  re- 
sults of  a  more-detailed  parametric  study 
of  the  effects  of  temperature  and  sliding 
velocity  on  friction  and  surface  character- 
istics are  also  included. 

None  of  the  ceramics  evaluated  in  unlu- 
bricated  sliding  contact  had  acceptable 
characteristics  at  room  temperature.  How- 
ever, at  800  °C  in  air,  the  metal  oxides 
formed  on  the  metal  provided  a  degree  of 
lubrication. 

Attempts  to  improve  the  tribological 
properties  of  plasma-sprayed  zirconia  by 
the  addition  of  calcium  fluoride  to  the  coat- 
ing composition  were  unsuccessful.  Calci- 
um fluoride  additions  up  to  10  percent  re- 
duced friction,  but  increased  the  wear  of 
the  coating. 

A  composite  plasma-sprayed  coating 


based  on  chromium  carbide  with  solid-lu- 
bricant additions  of  metallic  silver  and  a 
eutectic  of  barium  fluoride  and  calcium 
fluoride  was  very  resistant  to  wear  at  tem- 
peratures from  25  to  760  °C  in  air,  helium, 
and  hydrogen.  The  coefficients  of  friction 
did  not  exceed  0.25  in  hydrogen.  These  re- 
sults suggest  that  the  coating  may  be  a 
good  candidate  for  a  cylinder-liner  material 
for  Stirling  engines  that  use  hydrogen  as 
the  working  fluid. 

This  work  was  done  by  H.  E.  Sliney,  T.  P. 
Jacobson,  D.  Deadmore,  andK.  Miyoshiof 
Lewis  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TM-87267 
[N86-2547&NSP],  "Tribology  of  Selected 
Ceramics  at  Temperatures  to  900°C." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  3364700.  [A02] 
LEW-14595/TN 
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Process  Makes  High-Grade  Silicon 

Reactants  and  electrolyte  are  recycled  to  yield 
a  relatively  pure  product. 


A  process  produces  metallurgical- 
grade  silicon  from  quartz  sand.  In  contrast 
with  some  conventional  processes,  the 
process  does  not  involve  odorous  or  toxic 
substances  and  proceeds  at  a  lower  tem- 
perature. 

Like  conventional  processes,  the  new 
process  is  based  on  the  reaction  of  silicon 
dioxide  with  aluminum,  which  yields  silicon 
and  aluminum  oxide:  3  Si02  +  4  Al  -*  3 
Si  +  2  Al203.  However,  the  aluminum  for 
the  new  process  is  taken  from  an  operating 
aluminum-electrolysis  cell,  and  the  Al203 
product  is  returned  to  the  same  cell.  The 
aluminum  is  thus  continually  recycled  and 
purified,  and  the  purity  of  the  silicon  is 
therefore  high  as  well. 

One  of  the  starting  materials  for  the 
process  is  99.5-percent-pure  silica  sand 
from  natural  deposits.  (Sand  of  lower  purity 
can  be  used,  but  must  first  be  beneficiat- 
ed.)  The  sand  is  introduced  into  a  holding 
furnace  that  contains  aluminum  and  elec- 
trolyte (molten  cryolite)  from  the  electroly- 
sis cell  (see  figure),  and  the  resulting  mix- 
ture is  heated  to  a  temperature  of  1,000  to 
1,050  °C.  A  molten  aluminum/silicon  alloy 
accumulates  in  the  furnace.  The  alloy  is 
transferred  to  a  precipitator,  and  the  elec- 
trolyte, now  rich  in  Al203,  is  returned  to  the 
electrolysis  cell. 

In  the  precipitator,  the  alloy  is  cooled  to 
700  °C,  causing  globules  rich  in  silicon  to 
solidify,  leaving  a  melt  rich  in  aluminum. 
The  mixture  is  transferred  to  a  separator, 
where  the  solid  silicon  is  extracted  and 
passed  to  a  purifier.  The  molten  aluminum, 
containing  about  12.6  percent  silicon  — 
close  to  the  eutectic  composition  —  is  re- 
turned to  the  electrolysis  cell. 

In  the  purifier,  the  solid  silicon  is  treated 
with  molten  cryolite  that  contains  Si02.  The 
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Aluminum  and  Electrolyte  flow  to  and  from  an  aluminum-electrolysis  cell  at  various  stages 
of  the  silicon-producing  process.  The  electrolyte  is  molten  cryolite. 


residual  aluminum  in  the  solid  silicon  re- 
acts with  the  Si02  to  form  additional  solid 
silicon.  The  Al203thus  produced  dissolves 
in  the  electrolyte  and  is  returned  with  it  to 
the  electrolysis  cell.  The  electrolyte  also 
contains  some  silicon,  but  the  material  is 
not  wasted  because  it  is  recycled.  The 
solid  silicon  can  be  recovered  directly  by 
remelting  at  1,410  °Cor  purified  further  by  a 
salt  that  is  more  readily  removable  than 
cryolite,  by  leaching  or  by  a  vacuum  treat- 
ment. 

This  work  was  done  by  Rudolf  Keller  of 
EMEC  Consultants  for  Johnson  Space 
Center. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 


rights  for  its  commercial  use  should  be  ad- 
dressed to 

EMEC  Consultants 

R.D.  3  Roundtop  Road 

Export,  PA  15632 
Refer  to  MSC-21323,  fTN 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C  Glenn 
Mall  Code  EA4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)483-4871 
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Rust  Inhibitor  and  Fungicide  for  Cooling  Systems 

A  mixture  of  benzotriazole,  benzoic  acid,  and  a  fungicide  prevents  the  growth  of  rust  and  fungus. 


A  water-based  cooling  mixture  made 
from  readily  available  materials  prevents 
the  tormation  of  metallic  oxides  and  the 
growth  of  fungi  in  metallic  pipes.  The 
coolant  remains  clear  and  does  not  devel- 
op the  thick  sludge  that  tends  to  collect  in 
low  points  in  cooling  systems  with  many 
commercial  rust  inhibitors.  The  coolant  is 
compatible  with  iron,  copper,  aluminum, 
and  stainless  steel,  but  it  cannot  be  used 


with  cadmium  or  cadmium-plated  pipes. 

The  recommended  component  con- 
centrations and  concentration  ranges  for 
the  coolant  are  the  following: 

•  Benzotriazole  —  0.15  to  0.25  weight  per- 
cent, 

•  Benzoic  acid  —  0.075  to  0.15  weight  per- 
cent, 

•  Fungicide — >1  liter  per  gallon  (0.26  parts 
by  volume),  and 


•  Water —  balance 

Any  commercial  fungicide  can  be  used. 
The  pH  of  the  mixture  is  in  the  range  of  2.5 
to  4.5;  the  conductivity  is  in  the  range  of 
200  to  400  Mmho/cm. 

This  work  was  done  by  James  F.  Adams 
and  D.  Clay  Greer  of  Rockwell  Inter- 
national Corp.  for  Marshall  Space  Flight 
Center.  No  further  documentation  is 
available.      MFS-29248/TN 
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Thermal  Conductances  of 
Metal  Contacts 

Data  may  aid  the  design  of 
cryogenic  instruments. 

A  report  presents  the  results  of  meas- 
urements of  the  thermal  conductances  of 
aluminum  and  stainless-steel  contacts  at 
temperatures  from  1.6  to  6.0  K.  The  con- 
tacts had  surface  finishes  characterized 
by  root-mean-square  (rms)  roughnesses  in 
the  range  of  0.1  to  1.6  Mm.  The  measure- 
ments provide  data  for  the  prediction  of  the 
thermal  conductances  of  bolted  joints  in 
cryogenic  infrared  instruments. 

The  measurement  apparatus  included  a 
gearmotor  assembly  connected  to  a  rock- 
er arm  by  music  wire  to  load  the  sample 
pair  with  forces  up  to  670  N.  A  heater  was 
placed  above  the  upper  sample.  Germani- 
um resistance  thermometers  in  the  upper 
and  lower  samples  measured  the  temper- 
ature difference  across  the  interface  over 
a  range  of  heater  powers  from  0.1  to  10.0 
mW.  The  thermal  conductance  was  calcu- 
lated from  the  temperature  difference. 

As  in  earlier  measurements  of  copper 
and  brass  samples,  the  thermal  conduct- 


ances increased  according  to  a  simple 
power  law  function  of  temperature:  k  = 
aTn,  where  k  is  thermal  conductance,  T  is 
temperature,  and  a  and  n  are  constants 
determined  empirically  with  the  help  of  a 
computer  program.  Thermal  conductan- 
ces also  increased  asymptotically  with  ap- 
plied contact  forces  and  were  found  to 
depend  on  the  surface  finishes  of  the  sam- 
ples. The  maximum  contact  conductance 
for  stainless  steel  was  found  in  samples 
having  an  rms  surface  roughness  of 
0.4  nm.  For  aluminum,  the  conductance  is 
lowest  for  this  surface  finish.  The  reason 
for  this  behavior  at  this  surface  finish  re- 
mains unknown. 

77ws  work  was  done  by  L  J.  Salerno,  P. 
Kittel,  and  F.  E.  Scherkenbach  of  Ames 
Research  Center  and  A.  L  Spivak  of 
Trans-Bay  Electronics,  Inc. 
"Thermal  Conductance    of  Pressed 
Aluminum  and  Stainless  Steel   Contacts 
at  Liquid  Helium  Temperatures, " 


Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center  Refer  to 
ARC-11777/TN 

Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mall  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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Automated  Agent  Permeation  Tester 


Presently,  Hydrogen  Flame  Emission  Detectors  (HYFEDS)  are  used 
to  detect  pinholes  and  chemical  permeation  in  butyl  cloth.     The 
HYFED  provides  a  continuous  quantitative  measurement  of  the 
permeation  and  generates  data  as  to  test  item  suitability.     Since  one 
HYFED  is  required  for  each  test  and  each  HYFED  costs  over  $5,000, 
a  more  economical  and  efficient  test  method  was  desired. 

The  purpose  of  this  project  was  to  develop  test  equipment  to  inter- 
face 6  test  chambers  to  one  HYFED.     The  test  equipment  consisted 
of  an  electronic  control  system  for  sequentially  sampling  the  agent 
concentration  from  permeation  tests.     The  control  system  operated 
a  system  of  flow  controls  including  solenoid  valves  and  interfaced 
their  function  with  a  sophisticated  data  readout  system.     Because  of 
the  extremely  low  agent  concentration  sampled,  response  time  for 
the  HYFED  for  each  test  was  rapid,  and  a  ten  minute  sample  time 
was  sufficient.     Thus  a   10  minute  cycle  time  was  required,  or  each 
test  chamber  was  sampled  once  every  hour.     Since  permeation  tests 
are  run  for  a  period  of  eight  hours  or  more,  this  10  minute  interval 
between  measurements  provided  sufficient  data  to  accurately  evaluate 
the  quality  of  test  material. 

Upon  completion  of  the  project,  the  proposed  test  procedures  and  hard- 
ware were  added  to  MIL-STD-282  for  the  items  supported  by  this 
program.     The  equipment  developed  will  be  utilized  by  the  government 
in  the  performance  of  acceptance  testing  operations. 

FOR  ADDITIONAL  INFORMATION:     Peter  Martin,  AMXIB-PG, 
Production  Engineering  Division,  U.S.  Army  Industrial  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 


912 


< 


Medicine  &  Biology 


913  Laser  Welding  may  be  Alternative  to  Suturing  Tissues 

914  Supercomputer  Available  to  Biomedical  Research  Community 

915  World  Plant  Pathogen  Database  Provides  Biological  Information  on  Plant 
Diseases 

Testing  &  Instrumentation 

916  Implanted  Blood-Pressure-Measuring  Device  —  Arterial  pressure  is 
compared  with  ambient  bodily-fluid  pressure.  (Licensing  Opportunity) 

Other  Items  of  Interest 

903      Super  Tropical  Bleach 


< 


c 


NIH 

Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services     Public  Health  Service    National  Institutes  of  Health 


Laser  Welding  May  Be  Alternative  To  Suturing 
Tissues 


Lasers  at  relatively  low  energy 
hold  promise  for  welding  both 
low-  and  high-pressure  blood 
vessels  of  large  diameter  and 
may  provide  an  alternative  to 
conventional  suturing  tech- 
niques in  vascular  surgery.  On 
the  basis  of  preliminary  results 
of  several  studies,  researchers 
at  the  Harbor-University  of  Cal- 
ifornia at  Los  Angeles  Medical 
Center  in  Torrance,  California, 
report  that  tissue  fusion  by  a 
laser  beam  is  precise,  quick, 
sterile,  noninflammatory,  and 
produces  minimal  scarring.  Evi- 
dence also  suggests  that  certain 
lasers  may  be  used  to  modulate 
the  metabolism  of  connective 
tissue  in  order  to  enhance 
wound-  healing  or  to  inhibit  the 
formation  of  thick  scars  and  of 
recurrent,  progressively  enlarg- 
ing scars  called  keloids. 

Although  encouraging,  the  re- 
sults are  preliminary,  note  Drs. 
Rodney  White  and  Jouni  Uitto 
who,  with  biomedical  engineer 
George  Kopchok  and  research 
fellow  Dr.  R.  Patrick  Abergel, 
were  primary  investigators  in  the 
welding  work.  Future  evaluations 
will  show  how  well  the  laser 
seals  hold  up  over  the  long  term 
and  help  to  establish  optimal 
welding  parameters. 

"It's  a  new  method  that  may 
replace  standard  sutures,  and 
the  benefit  may  be  that  the  ves- 
sels heal  better  than  with  foreign 
sutures  in  place.  Technically,  the 
procedure  is  also  a  little  bit 
easier,"  says  Dr.  White,  chief  of 
vascular  surgery  at  Harbor- 
UCLA  Medical  Center  and  asso- 
ciate professor  of  surgery  at 
UCLA  School  of  Medicine. 
"Probably  the  major  limiting  fac- 
tor at  the  present  time  is  that  all 
the  parameters  for  the  laser 
technology  aren't  completely 
worked  out  yet.   It  has  been 


demonstrated  that  welding  can 
be  done  and  now  the  whole  pro- 
cedure needs  to  be  optimized." 

In  initial  efforts,  the  Harbor- 
UCLA  researchers  and  inves- 
tigators at  other  institutions 
showed  that  laser  welding  forms 
a  seal  strong  enough  to  with- 
stand the  low  pressure  of  blood 
moving  through  both  thin-walled 
microvessels  and  larger  veins. 

The  real  challenge,  however, 
appears  to  be  in  welding  the 
walls  of  vessels  routinely  ex- 
posed to  much  higher  pres- 
sures. For  example,  large,  thick- 
walled,  muscular  arteries  4  to  8 
mm  in  diameter  must  withstand 
initial  systemic  blood  pressures 
of  150  to  200  mm  Hg  and  ex- 
pand with  pulses  of  blood  as  the 
heart  beats.  Similarly,  arteri- 


An  arteriovenous  fistula  is 
created  by  first  making 
lengthwise  incisions  in  an  artery 
and  a  vein  in  the  patient's  wrist. 
To  join  the  opened  vessels,  the 
researchers  place  traction 
sutures  at  each  end  of  the 
wound  and  at  the  middle  of  the 
back  wall  (A).  Tension  on  the 
middle  suture  draws  the  edges 
of  the  two  vessels  close  together 
(B),  forming  a  seam  that  will  be 
permanently  welded  with  an 
argon  laser.  Another  suture  is 
then  placed  in  the  center  of  the 
front  wall  (C)  to  appose  those 
vessel  edges  for  laser  fusion. 


ovenous  fistulas,  which  are  cre- 
ated surgically  by  connecting  an 
artery  to  a  vein,  must  be  able  to 
tolerate  the  pressure  of  the 
pocket  of  tumultuous  blood  that 
forms. 
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Relatively  high-energy  lasers 
are  being  used  experimentally 
with  much  promise  to  ablate  and 
vaporize  atherosclerotic  plaque 
in  peripheral  and  coronary  ar- 
teries, to  diagnose  and  destroy 
cancerous  tumors  stained  with  a 
photosensitive  dye.  and  to  coag- 
ulate blood  vessels  to  remove 
the  disfiguring  areas  of  pink  to 
dark  bluish  red  skin  known  as 
port-wine  stains. 


For  Additional  Information: 

To  locate  information  or 
professional  contacts  on  this 
effort,  contact: 

Research  Resources 
Information  Center, 
1601  Research  Blvd., 
Rockville,  MD  20850 
(301)984-2870 

Refer  to  item  XII,  No.05/TN 
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Supercomputer  Available  To   Biomedical   Research 
Community 


One  of  the  first  supercomputers 
for  biomedical  research  is  now 
available  for  studies  in  biochem- 
istry, bioengineering,  physiol- 
ogy, molecular  biology,  and 
other  health  research  problems. 
The  supercomputer  is  at  the 
Pittsburgh  Supercomputing  Cen- 
ter under  the  direction  of  Dr. 
Michael  J.  Levine,  professor  of 
physics  at  Carnegie  Mellon  Uni- 
versity; Dr.  Ralph  Z.  Roskies, 
professor  of  physics  at  the  Uni- 
versity of  Pittsburgh;  and  Mr. 
James  Kasdorf  of  Westinghouse 
Electric  Corporation. 

A  primary  goal  of  the  Pitts- 
burgh Supercomputing  Center, 
according  to  Dr.  Levine,  is  to 
help  the  biomedical  research 
community  realize  the  promise 
of  supercomputing  by  combin- 
ing training  with  application  of 
the  supercomputing  resources 
available  at  the  Pittsburgh  cen- 
ter. 

Another  equally  important  ob- 
jective of  the  center  is  to  expand 
the  boundaries  of  biomedical 
research.  Dr.  Levine  points  out 
that  many  biomedical  studies 
are  structured  to  suit  available 
resources,  limiting  the  scope 
and  depth  of  scientific  inquiry  by 
forcing  investigators  to  tailor 
their  research  projects  to  fit 
existing  support  capabilities.  By 
providing  access  to  supercom- 
puting resources,  he  believes 
biomedical  researchers  will  be 
free  to  ask  new  questions,  ex- 
plore novel  avenues  of  study, 
and  lormulate  completely  new 
areas  of  research. 


The  Pittsburgh  Supercomputing 
Center  provides  a  variety  of 
terminals,  workstations,  and 
ancillary  equipment  wedded  to  a 
communications  network  that 
provides  rapid  and  easy  access 
to  users,  both  onsite  and  at 
remote  locations  throughout  the 
United  States. 
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Other  areas  of  research  that 
are  especially  amenable  to 
large-scale  computing  include 
analysis  of  blood  flow  problems, 
modeling  of  cell  membrane 
function,  and  three-dimensional 
image  analysis.  Research  on 
cell  membranes  is  needed  to 
understand  such  conditions  as 
the  acquired  immune  deficiency 
syndrome  (AIDS),  Alzheimer  dis- 
ease, and  sickle  cell  anemia. 
Three-dimensional  image  analy- 
sis may  significantly  advance 
basic  anatomic  and  physiologic 
knowledge  of  the  human  body 
obtained  by  computed  tomogra- 
phy, positron  emission  tomogra- 
phy, and  magnetic  resonance 
imaging. 

In  addition  to  applied  re- 
search studies,  and  also  with 
DRR  funding,  the  center  will 
conduct  training  in  supercom- 
puting  techniques  and  hold 
workshops  on  the  application  of 
supercomputers  in  selected 
areas  of  biomedical  research.  A 
national  conference  to  identify 
new  areas  of  biomedicine  that 
might  benefit  from  supercompu- 
ter research  is  being  planned. 
Workshops  lasting  4  1/2  days, 
each  with  a  maximum  of  20  par- 
ticipants, will  concentrate  on  the 
Cray-VAX  interface,  Cray  job 
control,  optimization  techniques, 
an  overview  of  available  bio- 
medical software,  and  a  des- 
cription of  access  paths  to  the 
Pittsburgh  Supercomputing 
Center.  In  addition  to  the  individ- 
ual training  assistance  and 
workshops,  a  series  of  eight  2- 
to  3-day  workshops  will  be  con- 
ducted by  experts  in  the  appli- 
cation of  supercomputers  to  bio- 
Applications  for  use  of  the 
center's  resource  are  reviewed 
by  an  advisory  committee,  which 
makes  the  initial  determination 
regarding  a  proposal's  feasi- 
bility. Upon  approval  by  the  ad- 
visory committee,  an  application 
is  forwarded  to  a  peer-review 
committee  of  experts  across  the 
United  States  who  examine  the 
scientific  merit  of  the  proposed 


study.  Once  approved,  the  ap- 
plicant is  assigned  a  user  name 
and  password  that  permits 
access  to  the  supercomputer 
system  either  in  person  at  the 
resource  or  through  a  computer 
network.  Smaller  pilot  or  initial 
feasibility  studies  may  be  expe- 
dited, requiring  approval  only  by 
the  advisory  committee  at  the 
center.  Comprehensive  training 
and  technical  assistance  is  also 
provided  to  all  users  by  the 
resource  staff. 

Drs.  Levine  and  Roskies  stress 
that  the  facility  is  a  national 
resource,  available  to  biomedi- 
cal researchers  across  the 
nation.  The  center  is  developing 
a  vigorous  outreach  program  to 
encourage  widespread  partici- 
pation. 


For  more  information  about  the 

Pittsburgh      Supercomputing 

Center,  contact: 

Dr.  Ralph  Roskies  or 

Dr.  Michael  Levine 

Pittsburgh  Supercomputing 

Center 

4400  Fifth  Avenue 

Pittsburgh,  Pennsylvania  15212 

(412)  268-4960 

Applications  for  supercomput- 
ing time  and  training  workshops 
on  supercomputing  techniques 
for  biomedical  researchers  may 
be  obtained  from: 
Wendy  Janocha 
Biomedical  Coordinator 
(412)  268-5005 


For  Additional  Information: 

To  locate  information  or 
professional  contacts  on  this 
effort,  contact: 

Research  Resources 
Information  Center, 
1601  Research  Blvd., 
Rockville,  MD  20850 
(301 )  984-2870 

Refer  to  item  XII,  No.05/TN 


/&2S\    United  States 
*  *  k"   Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


World  Plant  Pathogen  Database  Provides 
Biological  Information  on  Plant  Diseases 


Notorious  international  plant  diseases  are  about  to  be  "booked"— logged 
into  new  computer  files,   that  is.     The  World  Plant  Pathogen  Database 
will  provide  critical  biological  information  on  any  plant  disease  threatening 
any  country's  major  crops.     The  database,  which  can  be  updated  as 
needed,  should  improve  early  warnings  of  disease  outbreaks  and  speed 
decisions  on  importing  and  quarantining  plants  and  germplasm.     Diskettes 
containing  the  database  will  soon  be  available  free  of  charge  to  regula- 
tory officials  and  scientists  in  cooperating  countries. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further,  contact 
Matthew  H.  Royer,  Foreign  Disease-Weed  Science  Research,  Ft.  Detrich, 
Bldg.  1301,  Frederick,  MD  21701;  (301)  663-7344. 
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Implanted  Blood-Pressure-Measuring  Device 

Arterial  pressure  is  compared  with  ambient  bodily-fluid  pressure. 


An  implanted  apparatus,  which  would 
be  capable  of  measuring  the  blood  pres- 
sure of  a  patient,  would  include  a  differen- 
tial-pressure transducer  connected  to  a 
pressure  sensor  positioned  in  a  major 
artery  (see  figure).  An  electrical  signal  that 
is  a  function  of  the  differential  pressure  be- 
tween the  blood-pressure  sensor  and  a 
reference-pressure  sensor  is  transmitted 
through  the  skin  of  the  patient  to  a  recorder 
or  an  indicator. 

The  blood-pressure  sensor  includes  a 
titanium  funnel  with  an  elastomer  dia- 
phragm stretched  over  the  funnel  mouth 
and  is  sutured  to  the  inside  of  the  arterial 
wall  with  the  diaphragm  parallel  to  the  wall. 
So  positioned,  the  diaphragm  makes  direct 
contact  with  the  flowing  blood  in  a  manner 
that  minimizes  fluid  turbulence  in  the  ar- 
tery. 

Also  connected  to  the  implanted  trans- 
ducer is  a  subcutaneous,  bulb-type  pres- 
sure sensor  positioned  near  the  arterial 
sensor  but  not  within  a  blood  vessel.  This 
sensor  is  used  to  detect  a  reference  pres- 
sure proportional  to  the  ambient  pressure 
within  the  body. 

The  blood-pressure  sensor  and  the  ref- 
erence-pressure sensor  are  each  in  fluid 
connection  with  a  corresponding  chamber 
of  the  differential-pressure  transducer. 
These  two  adjacent  chambers  are  sepa- 
rated by  a  flexible  wall  provided  with  a  pres- 
sure-sensing element  and  with  associated 
electrical  connections.  The  differences  in 
the  pressure  transmitted  to  the  chambers 
from  the  two  pressure  sensors  produce 
corresponding  flexures  in  the  flexible  wall, 
causing  the  pressure-sensing  element  to 
generate  the  electrical  signal  that,  trans- 
mitted through  the  skin,  indicates  the  blood 
pressure. 


Extracorporeal 
Module 


Implanted 
Module 

Blood-Pressure 
Sensor 


An  Implantable  Blood-Pressure-Measuring  Device  transmits  a  signal  that  is  a  function  of  the 
difference  between  the  arterial  pressure  and  ambient  bodily-fluid  pressure. 


To  enable  the  adjustment  of  the  fluid 
pressures  within  the  two  chambers,  each 
chamber  is  in  fluid  connection  with  a  cor- 
responding pressure-adjusting  cell.  The 
two  adjusting  cells  are  placed  one  above 
the  other  and  are  separated  by  a  septum. 
The  outer  (blood-pressure-adjusting)  cell  is 
also  provided  with  a  second  septum.  To  ad- 
just the  fluid  pressure,  a  noncoring  hypo- 
dermic needle  is  used  to  pierce  the  top 
septum  to  add  or  subtract  fluid  to  or  from 
the  blood-pressure-adjusting  cell  or  to 
pierce  both  septa  to  add  or  subtract  fluid  to 
or  from  the  reference-pressure-adjusting 


cell. 

This  work  was  done  by  Robert  E. 
Fischell  of  the  Johns  Hopkins  University, 
Applied  Physics  Laboratory,  for  Goddard 
Space  Right  Center.  No  further  docu- 
mentation is  available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Goddard  Space  Flight  Center 
Refer  to  GSC-13042./TN 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  5442223 


Patent  Counsel: 
Leon  D  Wofford.  Jr 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Technology  Application 


Funnel-Cuvette 


A  gravity  flow-cell  cuvette  shaped  like  a  funnel  is  used  in  place  of 
rectangular  or  cylindrical  optical  cells  for  UV-V1S  absorption  measure- 
ments of  uranium  solutions.     The  cuvette  is  used  in  a  remote  analy- 
tical facility  in  which  radioactive  samples  are  poured  through  the 
funnel  and  the  absorbance  of  the  sample  measured  with  the  use  of 
a  remote  fiber-optic  based  spectrophotometer.     It  is  adaptable  to 
remote  analytical  operation  for  radioactive  or-  hazardous-sample 
analysis.     Potential  uses  include  radioactive-  and  hazardous-liquid 
sample  analysis  in  government  and  industry  where  remote  analysis 
is  required. 

FOR  ADDITIONAL  INFORMATION:     Mr.  Ron  J.  Bliss,  Idaho  National 
Engineering  Laboratory,  PO  Box  4000,  Idaho  Falls,  ID  83403;  (208) 
526-0997.    Refer  to  DOE/INEL-040. 
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Naval  Research  Laboratory  Develops  Device  Vital 
to  Pulsed-Power  Systems 


A  team  of  plasma  physicists 
at  the  Naval  Research  Lab- 
oratory report  that  a  unique 
Plasma  Erosion  Opening  Switch 
(PEOS)  under  development  has 
more  application  possibilities 
than  its  use  for  Sandia  Lab- 
oratory's Particle  Beam  Fusion 
Accelerator.  The  applications 
for  the  PEOS  reportedly  include 
nuclear  weapons  effects  simu- 
lation, production  of  intense 
electron  or  ion  beams,  pumping 
of  high-power  lasers,  and  other 
areas  requiring  very  fast 
risetime  pulses  of  high-power 
electrical  energy.  The  new 
device's  ability  to  switch  large 
electrical  currents  very  rapidly 
in  an  inductive  energy  storage 
system  (thus,  multiplying 
voltage  and  power)  represents  a 
significant  advance  in  switching 
technology  at  high-power  and 
high-energy  levels.  It  can 
conduct  currents  of  several 
megamperes  for  hundreds  of 
nanoseconds  while  closed,  then 
open  in  10  nanoseconds  and 
withstand  voltages  of  several 
megavolts  without  shorting. 


Although  the  work  repre- 
sents a  successful  demonstration 
of  fastswitching  and  output 
power  gains  at  terawatt  power 
levels  and  is  a  key  element  in 
Sandia  Laboratory's  fusion  ac- 
celerator, more  research   is 
needed.  Additional  work  should 
aid  in  further  understanding  the 
complex     plasma     physics 
involved  in  the  operations  of  the 
PEOS  to  be  able  to  increase  the 
switch's     conduction     time, 
decrease  its  opening  time,  and 
increase  voltage  holdoff.     This 
work    could    lead    to    a    new 
generation  of  high    power,  more 
compact,  and  less  expensive 
pulsed-power  machines. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
Code  E211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130104/TN 
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Diode-Laser  Array 
Suppresses 
Extraneous  Modes 

Diode  parameters  are  varied 
to  shape  the  output  beam. 


An  array  of  phase-locked  GaAs/GaAIAs 
diode  lasers  produces  a  light  beam  with 
one  main  radiation  lobe.  The  physical  pa- 
rameters of  the  laser  diodes  differ  from 
each  other  in  a  way  that  favors  oscillation 
in  the  fundamental  supermode  while  sup- 
pressing oscillation  in  the  higher-order 
modes. 

The  term  "supermode"  denotes  the  elec- 
tromagnetic mode  of  the  array,  as  distin- 
guished from  the  modes  that  each  diode 
would  exhibit  if  operated  in  isolation  from 
the  others.  Oscillation  in  the  fundamental 
supermode  is  necessary  to  obtain  a  dif- 
fraction-limited beam  with  one  lobe  and 
minimal  spectral  width. 

Ordinarily,  a  phase-locked  array  of  laser 
diodes  produces  several  supermodes  at 
once,  resulting  in  a  relatively  broad  far-field 
radiation  pattern  and  a  wide  spectrum.  The 
supermodes  of  higher  order  can  be  sup- 
pressed if  the  laser  gain  is  varied  among 
the  diodes  in  a  pattern  that  resembles  the 
envelope  of  the  near-field  amplitude  pat- 
tern of  the  fundamental  supermode. 

This  strategy  does  not  work,  however,  if 
the  envelope  of  a  higher  supermode  re- 
sembles that  of  the  fundamental.  In  such  a 
case,  the  gain  pattern  would  favor  both 
modes.  By  purposely  making  the  diodes 
differ  in  width  or  spacing  or  both  (see 
figure),  one  can  introduce  appreciable  dif- 
ferences in  pattern  between  the  funda- 
mental and  higher  supermodes.  In  this  ar- 
rangement, a  proper  gain  distribution  will 
emphasize  the  fundamental  supermode 


In  an  Array  of  Identical  Laser  Diodes  (left), 
the  gain  or  amplitude  pattern  is  similar 
in  the  fundamental  and  fifth-order  super- 
modes.  However,  in  an  array  of  nonidentical 
diodes  (right),  the  envelopes  of  the  super- 
modes  of  higher  order  differ  appreciably 
from  that  of  the  fundamental. 
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Note:  v  =  Supermode  order. 
Wavelength  =  0.9  urn. 
n  =  Index  of  refraction  =  3.4149  In  diodes  and 

3.4118  between  diodes. 
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and  the  main  radiation  lobe.  The  gains  of 
the  individual  laser  diodes  therefore  are 
made  independently  adjustable.  Another 
way  to  emphasize  the  fundamental  super- 
mode  is  to  place  a  stripe  contact  above  the 
position  corresponding  to  the  peak  of  the 
gain  envelope  in  that  mode. 

777/s  work  was  done  by  Elyahou  Kapon, 
Chris  P.  Undsey,  Joseph  Katz,  Shlomo 


Margalit,  and  Amnon  Yariv  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory.  For 

further  information,  Circle  10  on  the  TSP 
Request  Card. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  inventbn.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  addressed 
to 


Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1 207  East  California  Boulevard 

Pasadena,  CA  91125 

Refer  to  NPO-16465,  /TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)354-2734 
Technology  Utilization 
Mgr  tor  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 
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BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Generating  Hyperthermal  Atomic  Oxygen 

Atomic  oxygen  diffused  through  silver  is  desorbed  by  low-energy  electron  impact. 


The  velocity  of  spacecraft  through  the 
rarefied  atmosphere  in  orbit  results  in  the 
impingement  of  hyperthermal  atomic  oxy- 
gen on  spacecraft  surfaces.  The  high 
chemical  reactivity  of  the  oxygen  flux  has 
caused  substantial  degradation  of  organic 
materials  onboard  the  Shuttle;  as  a  result, 
materials  on  the  proposed  Space  Station, 
composites  used  in  large  space  struc- 
tures, and  exterior  coatings  on  optical  sys- 
tems and  laser  communications  systems 
may  have  substantially  reduced  lifetimes. 
It  is  therefore  essential  to  study  the  reacti- 
vity of  these  materials  with  atomic  oxygen 
in  laboratories  on  the  ground. 

To  simulate  the  flux  of  hyperthermal 
atomic  oxygen  on  spacecraft  surfaces, 
there  is  a  need  for  an  atomic-oxygen-beam 
generator  in  which  the  mean  energy  of  the 
O  atoms  is  about  5  eV,  and  the  flux  is  about 
1015cm~2s~1.  In  conventional  methods 
for  obtaining  such  fluxes,  it  is  difficult  to 
achieve  these  parameters  while  maintain- 
ing a  ratio  of  0  to  02  greater  than  90  per- 
cent. 

A  promising  approach  exploits  two 
unique  phenomena.  The  first  is  the  unusu- 
ally high  permeability  of  oxygen  through 
silver,  which  occurs  by  the  sequential  ad- 
sorption of  02,  surface  dissociation  into  0 
atoms,  dissolution,  and  subsequent  diffu- 
sion of  O  atoms  through  a  thin  silver  mem- 
brane to  a  vacuum  interface. 

The  second  phenomenon  is  electron- 
stimulated  desorption.  Normally,  O  atoms 
on  the  silver  are  in  an  adsorbed  state,  un- 
less the  surface  temperature  exceeds 
450  °C,  then  surface  diffusion  results  in 
O-atom  collisions  and  the  subsequent 
desorption  of  02.  When  there  is  a  flux  of 
low-energy  electrons  incident  upon  this 
surface,  the  O  atoms  are  excited  to  anti- 
bonding  states  before  they  can  recombine, 
and  they  desorb  as  hyperthermal  O  neu- 
trals and  0+  ions.  The  figure  illustrates  a 
combination  of  these  two  phenomena. 
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Oxygen  Atoms  Diffuse  Through  Silver  Foil  and  emerge  on  the  high-vacuum  side,  aided  by 
electron-stimulated  desorption.  Atomic-oxygen  flux  levels  range  up  to  1012  cm_2s_1  ,  and 
kinetic  energies  range  from  1  to  10  eV.  0+  andO~  ions  can  be  swept  aside  by  charged  cylin- 
drical grids. 


In  this  technique,  the  oxygen  molecules 
are  dissociated  on  the  higher-pressure 
silver  surface  into  atomic  oxygen,  which 
then  diffuses  through  to  the  ultra-high 
vacuum  side  [10  ~ 11  torr  (~  10  ~9  Pa)].  On 
the  ultra-high-vacuum  surface,  the  atomic 
oxygen  remains  adsorbed  if  the  surface 
temperature  is  maintained  below  450  °C 
and  is  bombarded  with  low-energy  (~100 
eV)  electrons,  causing  electron-stimulated 
desorption  of  O  atoms  before  substantial 
recombination  can  take  place.  Atoms  so 
desorbed  have  energies  in  the  5-eV  range, 
and  the  gas  produced  has  an  0-to-02  ratio 
greater  than  90  percent. 

This  work  was  done  by  Ronald  A.  Outlaw 
of  Langley  Research  Center.  Further  in- 
formation may  be  found  in  NASA  TP-2668 
(N 87-1 8621 /NSP)  -Electron  Stimulated 
Desorption  of  Atomic  Oxygen  from  Poly- 


crystalline  Ag  and  Ag  (110). " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  336-4700.  [A02J 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Langley  Research  Center  [see  page  1 6] 
Refer  to  LAR-13652.  /TN 
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Infrared  Attenuation  of 
Thallium  Bromoiodide 
Fibers 

Theory  and  measurements 
are  discussed. 

A  report  presents  measurements  of  at- 
tenuation of  infrared  signals  in  unclad 
381  -/urn-diameter  optical  fibers  of  thallium 
bromoiodide  FKBr.l)],  a  polycrystalline 
thallium  halide.  There  is  interest  in  develop- 
ing materials  for  the  transmission  of  light  at 
wavelengths  longer  than  the  1.3  to  1.5  ^m 
currently  in  use:  losses  due  to  Rayleigh 
scattering  would  be  lower,  and  larger 
single-mode  fibers  could  be  produced. 
Metal  halides  and  fluoride  glasses  have 
shown  the  most  promise  as  candidates  for 
optical  fibers  useful  at  wavelengths  around 
10  Mm. 

Measurements  of  attenuation  in  TI(Br,l) 
fibers  in  the  wavelength  ranges  of  1.2  to 
3.4  ^m  and  3  to  11  ^m  are  compared  with 
those  of  two  other  groups  of  researchers. 
That  TI(Br,  I)  shows  promise  as  a  future  fiber 
material  is  indicated  by  attenuations  in  the 
range  of  0.1  dB/cm  observed  at  wave- 
lengths approaching  10  urn.  However,  fur- 
ther improvements  will  have  to  be  made  in 
chemical  purity  and  in  such  mechanical 
properties  as  flexibility  and  strength.  The 
data  from  the  fiber  and  bulk  samples  show 
various  attenuation  peaks  due  to  impurities 
(e.g.,  water)  that  prevent  attenuation  from 
reaching  the  theoretical  minimums.  The  at- 
tenuation in  the  best  of  the  fibers  tested  is 


inversely  proportional  to  the  square  of  the 
wavelength;  with  such  a  dependence  on 
the  wavelength,  the  scattering  may  be 
caused  by  long  surface  grooves  on  the 
fiber. 

When  attempts  were  made  to  polish  the 
end  of  a  fiber,  the  fiber  broke  repeatedly,  in 
part  due  to  the  large  sizes  of  the  crystals  in 
the  polycrystalline  matrix.  However,  recent 
research  shows  that  these  early-genera- 
tion fibers  suffer  a  deterioration  of  me- 
chanical stability  with  age,  perhaps  caused 
by  residual  strain  from  fiber  extrusion  lead- 
ing to  separation  at  grain  boundaries. 

The  report  also  reviews  the  physics  of 
fiber  optics  in  the  geometrical-optical  limit. 
This  simplified  theory  is  sufficient  for  the 
description  of  transmission  in  fibers  that 
have  diameters  much  larger  than  the 
wavelength.  The  fundamental  loss  mecha- 
nisms in  fibers  and  their  relative  impor- 
tances in  fibers  of  different  types  (glass, 
crystalline,  and  polycrystalline)  are  des- 
cribed. An  appendix  describes  the  physical 
and  chemical  characteristics  of  TI(Br,l). 
The  material  is  lethally  toxic  when  vapor- 
ized, and  even  small  amounts  in  the  human 
body  may  cause  serious  neurological  dam- 
age. 

This  work  was  done  by  John  Goebel  of 


Ames  Research  Center  and  Beryl 
Magilavy  of  Sterling  Software.  Further  in- 
formation may  be  found  in  NASA  TM- 
86817  [N8&32268/NSP],  "Infrared  Attenu- 
ation of  Thallium  Bromo-lodide  Fibers. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. [A03] 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center 
Refer  to  ARC-11752/TN 
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Low-Threshold,  Solar-Pumped  C2F5I  Laser 

Laser  threshold  of  1 00  solar  constants  has  been  achieved. 


Since  the  conversion  of  Sunlight  into 
high-power  laser  light  in  space  could  have 
a  number  of  important  applications,  includ- 
ing space  manufacturing  and  propulsion, 
research  on  solar-pumped  lasers  could 
lead  to  large,  orbiting  solar  collectors  that 
concentrate  Sunlight  on  an  appropriate 
lasant,  producing  megawatts  of  continu- 
ous power.  Up  to  now,  most  of  research 

has  focused  on  the  alkyl  iodides,  which  ab- 
sorb solar  light  near  280  nm  and  then 
photodissociate  into  radicals  and  excited 
iodine  atoms  that  lase  at  1.315  ^m.  A  num- 
ber of  alkyl  iodides,  including  i-C3F7l,  C2F5I, 
n-C4F9l,  and  CF3I,  have  been  investigated 
with  the  goal  of  defining  the  most  appropri- 
ate lasant  for  closed-cycle,  low-threshold 
operation. 


A  unique  solar-laser  experiment  was  de- 
vised to  evaluate  the  above-mentioned  and 
other  candidate  lasants.  Using  two  xenon- 
arc  solar  simulators,  lasing  was  achieved 
with  pentafluoroethyl  iodide,  C2F5I,  a  new 
alkyl  iodide,  at  a  laser  threshold  of  only  100 
solar  constants  (1  solar  constant  =  1.35 
kW/m2).  This  solar  laser  had  the  lowest 
threshold  observed  to  date.  Its  output 
power  and  energy  were  350  mW  and 
45  mJ,  respectively.  The  duration  of  lasing 
of  this  static-gas-fill  system  has  provid- 
ed important  kinetic  information  on  the 
recombination  rates  of  radicals  and 
ground-state  iodine  atoms;  these  rates  are 
important  parameters  for  closed-cycle  op- 
eration. 

Completed  studies  of  the  scaling  with 


pressure,  solar  intensity,  parent-molecule 
species,  and  beam  shape  are  leading  to  a 
fuller  understanding  of  the  alkyl  iodide 
lasants.  These  studies  of  threshold-pump- 
ing requirements  and  laser  kinetics  are 
valuable  contributions  toward  the  develop- 
ment of  convenient,  efficient  solar-pumped 
lasers. 

This  work  was  done  by  Russell  J.  De 
Young  and  Willard  R.  Weaver  of  Langley 
Research  Center.  No  further  documenta- 
tion is  available.     LAR-13677  7TN 
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Computer  Modeling  for  Optical  Waveguide 
Sensors 


A  two-layer  model  for  the  analysis  of  an  optical  waveguide  chemical  vapor 
sensor  was  developed  using  a  program  written  for  a  low  cost  (PC)  computer, 
which  takes  into  account  a  non-adsorbing  glass/fluid  interface,  the  number 
of  optical  reflections,  and  probe  beam  divergence,  for  angles  of  incidence 
which  are  skewed  about  the  critical  angle  for  total  internal  reflection. 
This  model  is  applied  in  the  analysis  of  condense  organic  vapors  employing 
an  uncoated  optical  thin-walled  glass  capillary  device  developed  at  NRL. 

Reasonable  agreement  was  obtained  in  the  application  of  this  two-layer 

model  to  a  specific  transmission  versus  refractive  index  experiment 

involving  an  NRL  chemical  vapor  sensor  in  a  dynamic  equilibrium  condensed 

vapor  experiment.     The  initial  experimental  results,   taken  with  this 

optical  sensor  indicates,  that  changes  in  refractive  index  for  two  species 

(i.e.  liquid  or  condensed  vapor)  which  differ  by  five  parts  in   10-5  may  be 

readily  discerned,  if  the  angle  incidence  of  the  light  source  is  set  close  to 

the  critical  angle  for  one  of  the  species.     Finally  it  was  demonstrated 

that  coating  the  surface  of  the  device  with  a  particular  dye  film  which 

is  known  to  increase  its  optical  density  when  exposed  to  a  specific  { 

organophosphonate  produced  a  measurable  change  in  transmittance  of  0.4 

percent  at  vapor  concentrations  of   10  ppm. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available  from 
NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A187702/NAC 

Price  code:     A03 
To  discuss  this  effort  further,  contact  J.F.  Guiliani,  Naval  Research  Laboratory, 
Code  6170,  Washington,  DC  20375-5000;  (202)  767-1399. 
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Coupled  Aerodynamic/ 
Acoustical  Predictions 
for  Turboprops 

Acoustical  predictions 
agree  fairly  well 
with  measurements. 

A  report  discusses  the  use  of  coupled 
aerodynamic/  and  acoustical  computer 
codes  to  predict  the  noise  emitted  by  tur- 
bopropeller  blades  turning  at  supersonic 
tip  speeds.  Because  the  pressures  for  fuel- 
efficient  flight  have  forced  the  reconsidera- 
tion of  propeller-driven  airplanes,  there  is 
an  increasing  need  for  such  computations 
to  evaluate  the  potential  impact  of  noise  on 
passengers  and  on  communities  along 
flightpaths. 

To  predict  the  noise  field,  an  existing  tur- 
boprop-noise computer  code  by  Farassat 
was  modified  to  accept  blade-pressure  in- 
puts from  a  three-dimensional  turbofan 
aerodynamical  computer  code  by  Denton. 
The  unmodified  Farassat  code  includes 
both  the  near-  and  far-field  contributions 
from  the  blade  panels,  using  blade-surface 
dipoles  as  the  sources  of  noise,  and  using 
separate  formulations  of  the  Ffowcs- 
Williams-Hawkings  equation  for  the  sub- 
sonic and  supersonic  portions  of  the 
blades.  Separate  integrations  are  done  for 
the  surface-pressure-dependent,  surface- 
drag-dependent,  and  shape-dependent 
contributions  to  the  total  noise. 


The  unmodified  Denton  code  solves  the  Euler  equations  by 
use  of  a  finite-volume,  time-marching  solution  of  the  equations 
of  continuity,  momentum,  and  energy.  An  input  mesh  must  be 
sufficiently  fine  to  resolve  gradients  near  the  leading  and  trail- 
ing edges  of  a  blade  and  to  resolve  shocks  wherever  they 
might  occur.  The  flow  quantities  propagate  downstream,  while 
pressure  propagates  upstream. 

The  Denton  code  was  modified  by  extending  the  calculation 
mesh  to  about  twice  the  blade  radius  and  by  applying 
circumferentially-periodic  rather  than  solid-wall  boundary  con- 
ditions in  the  region  between  the  blade  tip  and  the  outer  shroud. 
Outputs  were  added  to  serve«as  inputs  to  the  Farassat  code 
and  to  generate  color  contour  plots  of  flow  variables. 

In  the  modified,  combined  code,  the  file  of  mesh  points  and 
corresponding  normalized  blade-surface  pressures  generated 
by  the  Denton  code  are  read  in  the  Farassat  input  subroutine 
for  pressure— a  two-dimensional  linear  interpolation  routine  is 
used  to  obtain  the  normalized  pressure  at  the  particular  loca- 
tions required  by  the  Farassat  code.  The  interpolated  normaliz- 
ed pressures  are  converted  to  the  proper  dimensions  by 
multiplying  them  by  the  local  relative-velocity  head  on  the 
blade. 

The  modified,  combined  code  was  tested  by  applying  it  to 
a  representative  modern,  highly  swept  turbopropeller  of  eight 
blades  and  a  diameter  of  0.622  m.  Results  are  compared  with 
corrected  acoustic  data  measured  in  Jetstar  flights.  Predictions 
of  the  first  and  second  harmonics  are  within  3  dB  in  directions 
within  20°  of  the  propeller  plane. 

This  work  was  done  by  Bruce  J.  Clark  and  James  R.  Scott 
of  Lewis  Research  Center.  Further  information  may  be 
found  in  NASA  TM-87094  [N87-23598/NSP],  "Coupled 
Aerodynamic  and  Acoustical  Predictions  for  Turboprops. " 

Copies  may  be  purchased  [prepayment  required]  from  the 
National  Technical  Information  Service,  Springfield,  Virginia 
22161.  Telephone  No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800)  336-4700  [A02] 
LEW- 14588  /77V 
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Research  on  the 
CH-47B  Helicopter 

Although  it  is  not  new, 
this  helicopter  continues 
to  yield  valuable  information. 

A  report  describes  new  equipment  add- 
ed to,  and  the  research  capabilities  of,  the 
CH-47B  helicopter.  This  variable-stability 
aircraft  has  been  used  in  flight  research  for 
more  than  15  years.  The  helicopter  con- 
tinues to  be  a  source  of  unique  flight  re- 
search, much  like  a  wind  tunnel  or  large 
ground-based  simulator. 

Two  new  installations  on  the  helicopter 
are  a  programmable  force-feel  system  for 
the  evaluation  pilot's  conventional  cyclic 
stick  and  a  four-axis  side-stick  controller. 
They  permit  a  range  of  in-flight  investiga- 
tions of  manipulator  characteristics  and 
augmentation-system  features. 

A  new  color  electronic  display  system 
with  a  programmable  symbol  generator 
will  provide  display  formats  for  a  variety  of 
missions  —  those  of  vertical-takeoff-and- 
landing  aircraft  as  well  as  helicopters.  In 
addition,  a  powerful  new  general-purpose 
flight  computer  is  in  operation.  The  com- 
puter is  programmable  in  high-level  lan- 
guages and  will  support  research  more  ef- 


ficiently. Moreover,  flight-control  software 
has  been  developed  to  improve  the  capa- 
bility of  the  helicopter  to  perform  simula- 
tions in  flight. 

Over  the  past  several  years,  the  CH-47B 
has  been  used  as  an  in-flight  simulator,  as  a 
research  facility  for  control  systems,  and 
for  gathering  data  on  handling  qualities. 
The  recent  uses  of  the  helicopter  include 
the  following: 

•  Research  in  high-bandwidth  flight  con- 
trols, 

•  Testing  a  translational-velocity-command 
and  position  hold  system  for  maneuvering 
near  hover, 

•  Investigating  vertical-response  handling 
qualities  criteria,  and 

•  Developing  model-following  control  laws. 

Although  some  of  the  research  equip- 
ment in  the  CH-47B  helicopter  has  be- 
come outdated  over  the  years,  this  limita- 
tion has  been  offset  by  major  advances  in 
analytical  tools,  fundamental  modeling, 
and  research  capabilities  that  result  from 


advances  in  computer  equipment  and  pro- 
grams. 

This  work  was  done  by  Kathryn  B. 
Hilbert,  George  E.  Tucker,  Robert  T.  N. 
Chen,  and  Emmett  B.  Fry  of  Ames  Re- 
search Center  and  William  S.  Hindson  of 
Stanford  University. 

"New  Capabilities  and  Recent  Research 
Programs  of  the  NASA/Army  CH-  47B 
Variable-Stability  Helicopter, " 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11759/TN 

Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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Simulating  Unpowered 
Helicopter  Landings 

Sensory  cues  are  important 

in  the  simulation  of  emergencies. 

A  report  presents  the  results  of  an  experiment  with  visual,  aural,  and  motion 
cues  in  simulations  of  helicopter  landings  without  engine  power.  Flight  simula- 
tions offer  safety  for  training  pilots  and  for  trying  out  risky  maneuvers.  Existing 
helicopter  simulators,  however,  do  not  offer  a  realistic  environment,  particularly 
in  sensory  cues  for  near-ground,  low-speed  flight  Accordingly,  the  experiment 
evaluated  the  importance  of  various  cues  in  difficult  autorotation  (no-power) 
landings. 

The  automation  experiment  was  conducted  in  the  vertical-motion  simulator 
at  Ames  Research  Center  with  experienced  pilots  as  the  subjects.  The  perfor- 
mance of  the  simulator  was  varied,  as  were  the  content  and  details  of  the  visual 
scene  and  the  fidelity  of  the  engine  noise. 

The  experimenters  found  that  high-fidelity  motion  cues  generally  improve  pilot 
performance.  Smaller  motion  cues  poorly  tailored  to  the  control  task  may 
distract  a  pilot  more  than  no  motion  cues  at  all.  A  motionless  simulator  would 
be  adequate,  given  enough  training  time.  All  the  subjects  found  that  they  could 
attain  skill  in  a  motionless  simulator  if  they  had  sufficient  visual  cues. 

Longitudinal  linear  acceleration  assisted  one  pilot's  judgment  and  timing. 
Lateral  linear  acceleration  cues  helped  pilots  in  the  cross-axis  task  of  lateral  and 
directional  control.  With  the  pilots'  attention  concentrated  on  speed  and  height 
during  autorotation,  lateral  motion  cues  helped  them  control  sideslip. 

The  addition  to  the  simulated  landing  scenes  of  such  easily  recognized  scal- 
ing objects  as  people  and  vehicles  helped  pilots  use  the  available  visual  cues. 
This  is  particularly  important  in  the  abstract,  textureless  scene  in  the  usual 
computer-generated  image.  Low-altitude  height  sensing— crucial  to  hovering 
landings— was  difficult  in  all  scenes  generated  by  the  image  system  used  in 
the  experiment. 

Sound  cues  are  essential  for  a  pilot  during  autorotation.  The  addition  of  subtle 
sound  cues  increased  pilots'  acceptance  of  simulations,  and  good  low- 
frequency  sound  reproduction  was  especially  important. 

This  work  was  done  by  William  A.  Decker,  Charles  F.  Adam,  and  Ronald 
M.  Gerdes  of  Ames  Research  Center.  "Pilot  Use  of  Simulator  Cue*  for 
Autorotation  Landings, " 

Inquiries  concerning  rights  for  the  commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Ames  Research  Center 
Refer  to  ARC-1 1715.  /TN 
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LJ  Check  enclosed  payable  to  NTIS  for  $  . . . 
D  Charge  to  my  NTIS  Deposit  Account,  No: 
D  Purchase  order  number: 


Charge  to:       □  American  Express       DVISA      □  MasterCard 

Card  Number: 

Expation  date: 

Signature: 

(Required  to  validate  order) 

NTIS  ORDER  NUMBER  (Use  only  for  backup  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 


Shipping  and  handling  fee 

Total 


$3.00 


( 


NTIS  Order  Form 


NTIS 

Telephone  Numbers 

To  Order  Reports 
(703)  487-4650 

For  Subscription 
Questions 
(703)  487-4630 

Other  Information 
(703)  487-4600 

Editorial  Questions 
(703)  487-4805 


Postage: 

NTIS  uses  First  Class  Delivery,  or 
equivalent  service,  on  all  shipping. 
^For  information  about  one  day 
•RUSH  ordering,  call  (703)  487- 
4600. 


NTIS  PRICE  CODE  SCHEDULE  * 

This  schedule  gives  the  current  values 
to  the  price  codes  cited  in  those  Tech 
Notes  having  a  backup  report  avail- 
able from  NTIS. 

Microfiche 

A01 $6.95 

Paper  copy 

A02 9.95 

A03 12.50 

A04  through  A05.  .  .  14.95 
A06  through  A09  . . .  19.95 
A10  through  A1 3. . .  25.95 
A14throughA17.  .  .  32.95 
A18  through  A21  . . .  38.95 
A22  through  A25  .  .  .  44.95 
A99 Call  for  price 

Customers  in  Canada,  United  States, 
and  Mexico  use  this  schedule.  Other 
addresses  should  write  for  the  price 
listing,  number  PR-360-4. 

Prices  effective  January  1 ,  1988 


Use  this  form  ONLY  to  order  reports  designated  as  available  from  NTIS 


MAIL  ORDER  TO: 


National  Technical  Information  Service 
U.S.  DEPARTMENT  OF  COMMERCE 
5265  Port  Royal  Road 
Springfield,  VA  22161 


Send  me  the  reports  I  have  selected  on  this  form.  I  have  placed  order  numbers 
in  appropriate  blanks  and  have  indicated  the  quantity.  IF  ADDRESS  LABEL 


Last  Name: 


Title: 

Company/Organization: 
Address: 


City/State/Zip: 

Telephone  Number: 

METHOD  OF  PAYMENT 

LJ  Check  enclosed  payable  to  NTIS  for  $  .  . 
D  Charge  to  my  NTIS  Deposit  Account,  No: 
U  Purchase  order  number: 


Charge  to:       D  American  Express       DVISA      □  MasterCard 

Card  Number: 

Expation  date: 

Signature: 

(Required  to  validate  order) 

NTIS  ORDER  NUMBER  (Use  only  for  backup  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity         Total  Price 


Shipping  and  handling  fee          $3.00 
Total     


( 


PENN  STATE  UNIVERSITY  LIBRARIES 


■  Agriculture  &  Food 

■  Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 

Materials 

Medicine  &  Biology 

V   Natural  Resources  Tech- 
nology &  Engineering 

m   Physical  Sciences 

■  Transportation  &  Components 
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